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ABSTRACT 

The purpose of this study was to explore factors underlying a well-documented 

tendency of female students to not pursue advanced courses and or careers in the 

Sciences, though they maybe as capable as male students in these disciplines. This 

question of persistence in Science was examined by 1) definhg two elements of 

penistence in a pst-secondary student population (i-e., mident interests in Science and 

student cornmitment to a Science major) and 2) examining, in relation to these elements, 

individual and gender differences withui four models: Eccles' (Eccles et al., 1983; Eccles 

1987) Mode1 of Achievement Motivation, Schommer' s (1 990; 1994) Epistemological 

Beliefs, Belenky et al.3 (1986) Women's Ways of Knowing, and Waterman's (1982) 

Science Epistemology 

This study employed a series of MANOVAS and Logistical Regressions on 

questionnaire data obtained fiom one hundred and fifty-one participants drawn from three 

sources: two Western Canadian pst-secondary institutions, and a pool of graduates fiom 

the Shad Valley program, a uaiversity-bas4 s u m e r  program for high school students 

excelling in Science. The gmduates currently attend pst -secondq institutions across 

Canada In addition to the questionnaire data, twenty six participants (16 females and 10 

males) were randomly drawn nom the Shad Valley sarnple group and interviewed to 

obtain their approaches to knowing and their views of the nature of Science howledge. 

The findings of this shidy expanded upon the literatures supporthg the models 

under-study, and they contn'buted M e r  to the literature exploring female persistence in 

Science. Eccles' (Eccles et al., 1983) model, which is prirnady bas4  upon studies 
- - -  
Ill 



involwig secondary students, successfully predicted individual and gender-related 

ciifferences ùi undergraduate student interests in, and coltzxnitments to, a Science. 

Schommer's (1990; 1994) beliefs about knowIedge and leacning, which are known to 

affect student leaming, were shown in the present study to be directly associated with 

elements of persistcnce (e-g., committing to a major in a Science). Previous research on 

BelenS. et al.'s (Beledcy et al., 1986) separate and connected knowing confirmeci their 

association with gender and severai cognitive constnicts (e-g., differentiation). In the 

present study, these constructs were found to have a gender-related association with 

persistence. That is, female studentç, but not their male counterparts, appear to experience 

a shifi h m  comected to separate approaches to knowing when cornmïtting to a major in 

Science. Finally, the present fïndings indicated there is a general set of changes in 

epistemology and values experienced by femaie -dents and not by their male 

counterparts. Female students increase their beliefs in a fixed ability to learn, in the 

simple, fact-Iike nature of lmowledge. and in the utility of their courses, when they 

commit to a major in a Science, though the leveis their endorsements remained iower 

than those of male Science majors. The impact of these changes in epistemology, values, 

and the shift in approaches to knowing have not been previously identified as factors 

influencing female persistence in Science, and they suggest a promising area for M e r  

research, 
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CHAPTER 1 

Introduction 

It is hard to find a more controversial topic in recent behaviourd and social 

science research tban that of gender differences in achievement During the 

Iast 30 years or so, a great deai of research has been devoted to explaining these 

differences (Rogers, 199 1, p. 193). 

By the mid-1920s, women were acquiring doctoral degrees in the field of Science, 

though they were few in number and largely absent nom Science faculties. This 

continued to be the case through the 1930s and 1940s. Moreover, in the 1950s, there was 

a significant drop in the number of women acquiring doctorates and positions in Science 

faculties (Morse, 1995). Ten years later, the developing feminist literature extended its 

critiques to the scientific disciplines, and this prompted an interest in exploïing the 

underrepresentation of women in Science (Adams, 1996; Rosser, 1990). In the 1980s, this 

interest was given additional impetus by several national reports (e-g., a 1982 National 

Science Foundation report on Science and Engineering education) that predicted a 

significant shortfidl in scientists in the 1990s (Rosser, 1990). Although there has k e n  a 

greater interest in and research on the issue of underrepresentation of fernales in Science 

disciplines in the last decade, the problem still remauis. Currently, women comprise 8% 

of the total of employed engineers, 36% of mathematical and cornputer scientists, and 

27% of chemists (White, 1992)- 



Researchen exploring gender and Science have examined a broad range of 

constnicts in thek efforts to understand why young women tend not to pursue advanced 

education and careers in the Sciences (Le., Physics, Chemistry, Math, and Engineering). 

Previous researchers have identified numerous constructs including values (e-g., Linn & 

Hyde, 1989; Kerr, 1994; Steinberg & Gwizdda, 1995), self-confidence (American 

Association of University Women, 199 1; Zoman, 1996), perceptions of ability (e-g-, 

Adams, 1996; Zorman, 1996) and attnbldions (e-g., Eccles, Jacobs, & Harold, 1990), al1 

of which have been shown to have a signincant effect on women's achievement in the 

area of Science. In addition, such social factors as classroorn biases (e.g., Ware, 1985; 

Rosser & Potter, 1990; Sadker & Sadker, 1994), stereotypes of Math and Science as 

masculine domains (e.g., Hollinger, 199 1b; Hyde, F e ~ e m a ,  & Lamon, 1990; Noble, 

1989), and peer and parental influences (e-g., Callahan, Cunningham, & Plucker, 1994; 

Eccles, Jacobs, & Harold, 1990; Kramer, 199 1;) have k e n  found to operate singularly, 

and in conjunction with individual constructs, to influence women's achievement and 

achievernent-related decisions in the Sciences. 

One mode1 which successfully brings together a number of constnicts and social 

factors to predict gender-related patterns in achievernent-related decisions (Le., choice of 

courses and careers) is Eccles et aL7s (1983; Eccles, 1987; hereafter described as Eccles') 

Mode1 of Achievement Motivation. According to this model, an individual's educational 

or occupaiional choice is guided by his or her expectations for success on and the 

subjective (i-e., intrinsic, utility) values assigned to available achievement options. These 
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beliefs, in tum, are affected by such factors as perceptions of task difficuky associated 

with each achevernent option, personal goals, self-concept and self-perceptions, 

aptitudes, and interpretations of past experïences. The mode1 suggests these beliefs and 

factors are shaped by an individual's perceptions of cultural noms and of sociafizers' 

(e-g., parents, teachers) beliefs and behaviours. 

Although the body of research supporting Eccles' model (Eccles et al., 1983; 

Eccles, 1987) is extensive, there are two avenues that have not been explored and that 

might contribute to our understanding of persistence in the Sciences (i.e., why women 

tend to pursue advanced education and careers in fields other than Science, though they 

are as capable as their male counterparts in these disciplines). Research on this model has 

focused on c o n f i d g  its ability to predict gender differences in secondary students' 

coune selections and the occupational choices of addts. However, the model has not 

been expIored in relation to undergraduate students and the question of persistence in 

Science. This student population is of particula. interest when considering the question of 

persistence, as it is during the undergraduate years that midents make cntical decisions 

about pursing educaîion in a particular discipline. They have an opportunity to explore 

and follow their interests (whether întrinsic, utilitarian, or both), and they must commit to 

a major in a specific discipline. Thus, exploring this population dlows for the possibility 

of examining these two circmstances as elements of persistence (i-e., academic interests, 

as reflected in favourite subjects, and cornmitment to a major, an act r e f ldve  of 

persistence). Moreover, exploring the relationships among gender, Eccles' constructs, 

and these elements of persistence would permit addressing such questions as: Does 



Eccles' model predict elements of persistence (Le., student interests in, and cornmitment 

to, a major) given its ability to predict student course selection? Does the model identiQ 

gender differences in student interests in, and commitments to, a major? Explorhg these 

questions in a student population making critical academic and career decisions may 

M e r  our understanding of female persistence in Science. 

A second avenue not explored in the literature on Eccles' (Eccles et al., 1983; 

Eccles, 1987) mode1 is examining this model in relation to models that Uifluence student 

performance. One such model is Schommer's (1990; 1994) Epistemological Beliefs. This 

rnodel aaiculates a set of epistemological beliefs defined as a continuum and 

characterized as relatively independent components of a system of personai 

epistemology. Specifically, the model entails four beliefs: Fured Ability, which ranges 

£?om the belief that the ability to leam is fixed at birth to the belief that the ability to learn 

c m  be improved over time; Quzck Learning, which ranges fiom the belief that leaming 

occurs in a short amount of time, or not at ail, to a belief that feaming is gradual; Certain 

Knowledge, which ranges fiom the belief that knowledge is certain and absolute to the 

belief that knowledge is tentative and contextual; and Simple Knowlecige, which ranges 

fiom the belief that lmowledge is best thought of as isolated facts to the belief that 

knowledge is characterized as cornplex, interreiated ideas. 

The literature supporthg this model of epistemology indicates these beliefs have a 

subtle but critical impact on leaming (Schommer & Donnell, 1994). For example, these 

beliefs have ben shown to predict GPA, performance on claçs tests, and confidence in 

(as well as monitoring of) text comprehension (Schommer, 1988; Schommer, 1990). 



ALthough this body of literature is comprehensive and growing* Schommer's 

(Schommer, 1990; 1994) model has not been examined in relation to other models 

aEecting student achievement, paaicularly achievement-related decisions. Examuiing 

relations between this model and that of Eccles (Eccles et al., 1983; Eccles, 1987) may 

allow for 3 richer description of the influences of both models on students, particularly 

with respect to persistence in the Sciences. For example, is there a relaîionship between 

collStNcts that affect student decisions (i-e., Eccles' constnicts) and conslructs that affect 

student performance (Le., epistemological beliefs)? Do these two sets of constnicts (i.e., 

models) either individually, or in combination, influence elements of persistence (i.e., 

student ïnterests and cornmitment to a major)? Are there individuai and/or gender 

differences in the relative importance of the models' constructs when considering each 

element of persistence? Exploring these questions rnay provide a better understanding of 

the factors affecting student learning and student persistence in Science. 

A second model of epistemology affecthg student leaming and that may 

contribute to our understanding of female persistence in Science is B e l e w  et al.'s (1986; 

1997) Women's Ways of Knowing (WWK). This mode1 descnbes five perspectives of 

knowledge that "capture some of the major ways women ... think about thernselves, 

authorities, tnah, and Life options" (Goldberger, Tanile, Clinchy, & Belenky, 1996, 

p. 4). The perspectives are (as detailed in Goldberger et al., 1996): 1) Silence, a position 

in which an individual feels they are unable to generate knowledge; 2) Received 

Knowing, a perspective in which knowledge is viewed as extemal to the individual; 3) 
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Subjective Knowing, a position in which knowledge is viewed as personal and based on 

intuition rather than on ideas defended with evidence; 4) Proceduraï Knowing, a 

perspective in which processes for generating and validating daims of knowledge are 

developed and valued This position subsumes two approaches to knowledge: a) Separaie 

Knowing, which entails a distant, skeptical, and impartial stance towards the object the 

individual is attemptuig to know, and b) Connected knowing, a stance of belief and an 

entering into the place of the other person or idea that one is trying to know' and 

Constmcted Knowing, a position in which laiowledge is viewed as contextual, tentative, 

and constructed by the knower. 

In their original work, B e l e w  et al. (1986) found that a mismatch between 

student and pst-secondary course approaches to knowing had a significant negative 

effect on female students. Specifically, fernale -dents with a 'comected' approach to 

knowing who were exposed to 'separate' pedagogicd practices reported feeling 

disco~ected and distant from 'separate' knowledge and the knowledge enterprise. The 

authors noted that 'komected knowers struggle with understanding and developing a 

'separate' Way of Knowing, and in their attempts to do so, end up suppressing the self 

and feel that they were not making themselves heard" (Belenky et al., p. 199-200). 

Occasiondy, the authors noted, '%s tension prompts them to leave courses a d o r  

University because their only tool for knowing has been challenged and taken away" 

(Belenky et al., p. 202). These findings suggest fernale students with a 'connected' way 

of knowing experience significant tension when exposed to 'separate' pedagogy. How do 

fernale students resolve this epistemological tension when pwuing Science, a discipline 
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noted for its 'separate' approach to pedagogy (Bendixen, Dunkle, & Schraw, 1994)? Do 

they adopt a 'separate' approach to laiowing? Does this adoption extend to their personal 

lives, as well as to their academic lives? Explonng how thi-s epistemological tension is 

resolved may provide a greater understanding of the factors innuencing female 

persistence in Science, 

A second epistemological mismatch may occur when Science çtudents hold 

conceptions of Science knowledge which diEer markedly fiom those held by their 

instructors and the Science curriculum. The Merahire explorhg Science episternology 

indicates secondary and pst-secondary students generally hold theories and conceptions 

of Science that are 'traditional' or empuicist in nature (e-g., Grosslight, Unger, & Jay, 

199 1; Ryan & Aikenhead, 1995; Watennan, 1982) despite reîent efforts by Science 

insmictors (and Science curriculum) to promote a 'constructivist' approach to Science 

(Carey & Smith, 1993; Edmonson & Novak, 1993). Such a mimatch has k e n  shown to 

negatively affect the teaching-learning process for both male and female students 

(Goldberger, Tanile, CLinchy, & Belenky, 1996; Schon, 1987; Tobin, Tippins, & Hook, 

1995). Does this mismatch affect persistence in Science? Mght it create a second 

epistemological tension that, in concert with the tension described by BelenS. et al. 

(1986), negatively affects the willingness of female students to persist in Science? 

One model of Science epistemology that appears to bave a direct relationship with 

Belenky et al.3 (1 986) Women's Ways of Knowing is Waterman's ( 1982) Mode1 of 

Science Epistemology. This model articulates three distinct views of Science knowledge: 

The Tradiional view depicts Science knowledge as discovered and based on absolute, 



observable facts, as well as additive, rather than tentative in nature. The Modif;ed- 

Traditional view suggests that although Science howledge is discovered and based on 

observable facts, it remains tentative and changeable due to the limihtions of the 

scientific method andfor human senses. The C o ~ p o r u ~  view portrays Science 

knowledge as products of the human mind (i-e., consmicted rather than discovered), and 

as king probabilistic, rather than absolute, in nature. These conceptions of Science 

episternoIogy are consistent with those used by many current researchen exploring the 

role of Science epistemology in leaming Science (e-g. Carey & Smith, 1993; Hammer, 

1994). As well, the 'Traditional' and 'Modified-traditional' views appear to be consistent 

with a 'separate' Way of Knowing. Specifically, Wateman describes the Scientific 

Method as the operational basis of the 'Traditional' and 'Modified-traditionai' views of 

Science. Belenky et al. (1986), as well as Clinchy ( 1 9 8 9 ~  1989b; 1996), have descnied 

the Scientific Method as the primary tool of 'separate' knowing. Given this commonality, 

a relationship between zpproaches to lmowing and conceptions of Science knowledge 

(i.e., Science Epistemology) is suggested Does this posited relationship, as well as the 

evidence of mismatches in Science Episternology noted above, indicate a second source 

of epistemological tension that, acting conjointly with the tension identified by Belenky 

et ai. (1986), negatively affects female persistence in Science? Neither the posited 

relationship, nor its implications, have been explored, empiricdly. 

The present study explores the above issues and the question of female 

persistence in the Sciences by examining, across two elements of persistence (i-e., 

favourite subject, comrniment to a major), individual and gender differences in the 



relationships between Eccles' (Eccles et al., 1983) Mode1 of Achievement Motivation 

and Schommer's (1990; 1994) Epistemological Beliefç. In addition, as a preliminary step 

to examining the affect of epistemological tensions on female persistence in the Sciences, 

the present study will explore the relationships between approaches to knowïng, Science 

Epistemology, and female student cornmitment to a Science major. 

The next chapter (Chapter II) provides the reader with m a r i e s  of the research 

supporting the models under investigation. Particular attention will be paid to research 

relating tu the questions of this study. 

Chapter III describes the research methods, including participant selection, data 

collection procedures and instruments, as well as the procedures for the analyses of the 

research questions. Chapter N presents the results of the data analyses, and Chapter V 

discusses these resdts in light of the literature reviewed in Chapter II. Chapter V also 

includes a discussion of the limitations of the current study and firture directions for 

research on female persistence in Science. 



Literature Review 

This chapter provides a bnef summary of the background literature relating to 

female persistence in the Sciences. This is followed by chapter sections surnrnarizing 

research supporthg Eccles' Mode1 of Achievement Motivation and three models of 

Epistemology, including Schommer's (1990; 1994) Epistemological Beliefs, Belenlq et 

al.3 (1986) Women's Ways of Knowing, and Watexman's (1982) Science Epistemology. 

The chapter ends with a summary of the research presented in the chapter. 

Female Persistence in the Sciences 

Researchers have identified several individual constnicts and social factors that 

affect women's achievement and their pursuit of advanced education and careers in 

Science. niese include perceptions of ability and self-confidence, values, stereotypes, 

biases, and the influence of pe r s  and family. The research exploring these constnicts and 

factors is summarized below. 

Perceptions and Confidence 

A number of authors have identified perceptions of ability and self-confidence as 

factors affecting female achievement. Kerr (1985), as well as Buescher and Higham 

(1989) and Sadker and Sadker (1994), note that youug girls begin to lower their 

estimation of their Math and Science abilities in junior and senior high school. Kline and 

Short (199 l), in a cross-sectional study of gifted females in grades one through 12, found 

a progressive decrease in self-perceptions of ability and confidence. This decrease 

continues through the transition to college (Arnold & Demy, 1985), and decreases in 
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confidence are evident as late as graduate school (Amencan Association of University 

Women, 1991)- 

These changes in perceptions and confidence are particularly evident in the area 

of mathematics. In their research on gender diEerences in the field of rnathematics, 

Meyer and Koehler (1990) found that, among high ability adolescents, self-confidence in 

math drops sipnificantly for females over the course of secondary school. Terwilliger and 

Titus (1995) noted that even after participati-ng in a mathematics program, fernale self- 

confidence was significantly less than that of male program participants. Juge and 

Dreztle (1995), in a survey of talented students, found female students had less 

confidence in their math abilities than did their male peers. These findings are supportcd 

in a report by the Amencan Association of University Women (199 l), which found that 

girls perceive themselves as having low abilities in math and that they feel a lack of 

confidence in math. 

The decreases in perceptions of ability and confidence have been found to 

mitigate achievement. Zorman (1996) noted that less confidence in math leads to less 

participation in advanced, high school math courses. A study by Blair and Lupart (1996) 

directiy examined female particpation (Le., persistence) in univers@ mathematics 

programs. They found that female students who withdrew from mathematics programs, 

versus those who persisted in these programs, had significantly lower confidence and 

interest in, and lower perceptions of ability in, the area ofrnathematics. 

The comection between perception of ability and acadernic choices has been 

described in a nurnber of M e s  by Eccles and her colleagues (for reviews of her work, 



see Eccles, 1987; 1994). They have fomd that self-perceptions of ability play an 

important role in foming expectations for success, which in tum influence educatiood 

and occupational choices A c c o r d .  to this model, believing one is not good at math 

leads to lower expectations of succes and less likelihood of choosing additional, 

advanced courses in math. The model and its supporting literature are discussed in greater 

detail in the next section of this chapter. 

Values 

The perceived relevance (i-e., the utility value) of an academic subject has been 

shown to play an important role in achievement-related choices (Freidler & Tarnir, 1990). 

in a series of studies, Eccles and her colieagues (for a review, see Eccles, 1987) have 

found that the perceived value of a subject and/or aireer plays a key role in the choice to 

pursue that subject or career, and that males and females assign different values to math 

and science (Eccles, 1984). Friedler and Tamir (1990) indicated that fernale students 

were significantly less Likely to see the importance of science for society and for their 

own personal lives, and they were less interested in pursuing a science-related career, 

such as, engineering and research Steinback and Gwizdala (1995) and Linn and Hyde 

(1989) found that boys, more than girls, ranked mathematics as useful and important to 

their careers, and that perceived usefulness was a significant factor influencing 

persistence in math and science. Given the gender difference in the perceived utility value 

assigned to math and science, it is not surprising females are less likely to choose 

advanced math courses andior a math-related career. 
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A number of authors have identified conflicts in values during adolescent female 

identity development as a factor in female achievement Yewchuk (1992), among others, 

noted that during adolescence confIicts arke between a fernale's identity as high 

achieving and her emerging identity as a woman. The particular values thought to be in 

conflict include: achievement versus affiliation, achievement versus relational needs, 

achievement versus acceptance (Bell, 1989; Luther, Ziegier, & Goldstein, 19%; Noble, 

1989; Reis, 1987), and achievement versus conformity (Kerr, 1994). Hollinger (1 99 1 b) 

noted that if career interests are included, there can be conflict between three 

stereotypes: gûtedness (i-e., high achiever), sex-role stereotypes (communal, social- 

interpersonal achievement), and occupational stereotypes (math as a male profession). 

These conflicts are quite powemil (Luther, Ziegler, & Goldstein, 1992) and can lead to 

abandoning academic achievement, avoiding math and sçiznce, opting out of gified 

programs, and eliminating "masculine" career options (Hollinger, 1 99 1 b). 
* 

These conflicts are accompanied by changes in values brought on by 

socialization. Kerr (1994) noted that sociaI goals (versus achievement) become salient in 

adolescence. Silvennan (1986; 1995) found that adolescent girls corne to place less value 

on achievement and more on sociability and social acceptance. The author noted that a 

talented young woman faces a "Sophie's" choice: if she chooses to be tme to herself and 

strive for achievement, she could very likely experience disconnection from her male and 

fernale peers. If she chooses to redïrect her energies into the ferninine sphere 

(e-g., concern with boys and appearance), she will be accepted and rewarded for her 

efforts. As there may seem to be Little apparent, irnmediate value in choosing 
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achievement over- social acceptance, the young woman may place greater value on social 

acceptance. Such a shifi helps young bright females to avoid the conflict between interest 

in math and science and popularity, especially with males (Crawford & Gentry, 1989; 

Fennema & Leder, t 990). 

In addition to the differences in values, a number of authors have noted that, for 

women more so than men, there is a societd emphasis on the value of having children, 

and this ernphasis mitigates fernale achievement. Manis. Thomas, Sloat, and Davis 

(1989) found that for girls, and pdcularly talented giris, rhere was a conflict in 

assigning priorities between family or career. In a study by Fox, Tobin, and and Brody 

(1978), a majority of talented female çhidents who priorized family over a full time 

career in a Science were significantly less likely to pursue graduate training (i-e., 36%), 

relative to those female students who prioritized career over farnily (Le., 80%). This is 

consistent with Metha, Kinnier, and McWhirter (1989), who found that in most cases 

females assign a priority to family and devalue career and achievement. The small 

poriion of those that do pursue science found the ability to balance career and family an 

important factor in their success ( S u b o a  & Arnotd, 1995). 

In a study of 67 female graduate students ùi education, Reis (1995) found that 

most felt their parents had encouraged them to place a limited value on achievement; that 

is, to get good grades but not to channel these efforts into carees or additional education. 

Further, these students felt their parents had encouraged them to go to college, but they 

had expected them to marry and have a family rather than pumie a career, and most felt 

that their career choice was a compromise due to social pressures to have a family. 



Arnold (1 993) found that planning to combine career and family began as eariy as the 

first year of college and that women struggled to combine achievement and f d y  

values, that is, to see an arrangement that combines high level career attaùiment and 

successfid relationships. Many of these taiented women viewed the conflict in 

achievement and family values as their greatest obstacle to achievement, and that their 

potential was negatively impacted by this conflict (Reis, 1995). 

Stereotmes 

A number of authors have found contemporary evidence of stereotyping academic 

domains. Hyde, Fennema, and Lamon (1990) found that girls consistently view math as a 

male domain In a study explonng factors affecting attitudes towards science, Foster 

(1992) found that females consistently viewed math and science as white male activities. 

Kelly (1993) found that gifted and nongifted girls do not see themselves pursuing 

"bsculine occupations" such as the physical sciences or engineering. These perceptions 

likely play a role in the change in female attitudes towards math and science noted 

previously (e-g., as pressure to conform to stereotypes) and, by extension, a role in the 

well-established trend of low female participation rates in math and science (e-g., Fox, 

Tobin, and Brody, 198 1 ; Schmurak, 1996; White, 1992). 

A second stereotype involves what it means to be 'ferninine' in our society. Reis 

(1 995) and Bell (1 989) suggested that this entails minimizing achievement and shifting 

attention to social priorities (e-g., affiliation, popularïty, atû-activeness). Kerr (1994), 

Hollinger (1990), and Silverman (1995) suggested that the stereotype includes learning to 

conforni to the expectations of others, emphasizing social-interpersonal achievement, and 
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accepting the expectation that they will be raising a famiy- These societal expectations 

provide the basis of the female adolescent conflicts and shifb in values describecl above. 

As weli, Bell (1989) noted that these expectations create a number of dilemmas for the 

talented female: being smart versus social (the afnliation need), media beauty (Le., social 

success and attractiveness) versus rnarginality (i. e., high ac hievernent), and passive 

versus assertive within the classroom. Noble (19891, as well as Hollinger (l99lb), noted 

that the overt message of both stereotypes is that achievement, particuiarly in the 'male' 

domains of math and science, is not compatible with being feminùie. 

Biases in the CIassroom 

These stereolypes, as well as a number of biases, are played out in the classroom. 

For example, Ware, Steckler, and Leseman (1985) found that textbooks in math and 

science were generaliy written by men, using examples heavily slanted toward the male 

experience. In a review of five standard texts used in Amencan schools, Rosser and 

Potter (1990) found that whiIe rnany of the overt biases in textbooks are beginning to 

disappear (e.g., use of male as a generic pronom, and the exclusion of females From 

illustrations), there remain more subtle biases. Specifically, the texts they reviewed 

pictured more males than females and pictured males more frequently in active roles. As 

well, those scientists highlighted in the texts were male. In a second review of 

contemporary school texts, Sadker and Sadker (1 994) found that most texts rarely 

depicted women, leaving the strong impression that men dominate in science and most 

other areas of human endeavour. Such an impression likely discourages young women 

fkom careers in science (Kerr, 1994; Morse, 1995; Sadker & Sadker, 1994). 
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These stereotypes and biases are M e r  evident in teacher beliefs. In a study of 

tust grade teachers, Fennema, Peterson, Carpenter, and Lubinski (1990) found that 

teachen believed males' successes were due to ability, but fernales' successes were due 

to effort, not to ability. When asked to compare their best math students, the teachers 

believed that the boys were more cornpetitive, more engaged in leaming, more 

independent in math, and gained more enjoyment fiom math. Koehler (1990) found that 

teachers had a higher expectation of success in math for boys, and that they believed 

math to be a 'male' domain and thus as more useful for boys. 

Peer Influence 

In addition to the perceptions and actions of teachers, a number of midies have 

noted the influence of pers on female achievernent. In a study by Campbell and 

Comolly (1987), it was found that males had negative perceptions of their female pers 

in advanced math and science classes. These male students reported that girls did 

not want to put in the effort that is needed in math and science, that they (the fernale 

students) did not care about how they looked, and that girls like humanities not science. 

Kramer (199 l), as well as Cdahan, Cunningham, and Plucker (1994), found that for 

gifted girls, there is a direct conflict between pursuing achievement and acceptance by 

their peer group. This conflict is heightened in the area of rnathematics, as this area is 

stereotyped as a 'male' domain. Brown & Steinberg (1989) noted that the option 

fiequently chosen to resolve this conflict was confomiity to the peer group; more 

specifically, to camouflage their abilities to avoid being seen as unattractive or socially 

incompetent, and to get good, but not outstanding, grades. Given these peer pressures and 



male perceptions, taking advanced math or science courses may not appeal to a female 

student- 

Parental Influence 

A number of hidies have shown the d u e n c e  parents exert on femde 

achievement. In a study by Yee and Eccles (1983), it was found that parents differ in the 

relative weighting ofability and effort in explaining their children's achievement. The 

boys' parents rated math talent as the cause of their son's success in math, and effort was 

seen as a significantly less important factor in math achievement The reverse was found 

for the girls' parents. These perceptions have been show to influence the child's self- 

perception ofability to such a degree as to ovemde his or her perception of ability based 

on prior performance (Eccles, Jacobs, & Harold, 1990). Further, these self-perceptions 

have been s h o w  to strongly influence the actual achievement-related choies a child 

rnakes (Eccles, 1987). That is, whether the child elects to take an additional course in a 

school subject This relation between parental perceptions and child self-perceptions 

persists into adolescence, and is particularly strong for females and their math self- 

concept (PhilIips, 1987; Dickens, 1990). 

The parental messages that boys are naturally talented in math, while girls are 

talented in English, likely contributes to the fernale student's perception that the former is 

a 'male' domain. It would seem reasonable, given the strength of the parental beliefs and 

attn'butions (i-e., persisting despite their child's performance, and displacing their child's 

own perceptions of ability), that the young female student might eventually devalue her 

ability in math and fail to develop sufficient interest to persist in math andor science. 
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Several studies have looked at the impact o f  parental expectations on the 

achievement of adult children Manis, Thomas, Sloat, and Davis (1989) found that female 

science college majors felt their parents wanted them to "be happy," while their male 

pers felt their parents wanted them to pursue a career in science. Callahan et al. (1996) 

found that girls with high ability in math and science felt their parents, particularly their 

mothee, had expected them and actively encouraged them to not attend special prograrns 

in math or science. In a study of gifted female undergraduates, Reis (1995) found that 

parents encouraged their female children to do weil in school, but they provided M e  

encouragement to pursue a career after college. Further, these parents expected their 

daughters would marry and have a famiiy. Additional education, or a career, was 

encouraged only if they were combined with farnily and/or if they permitted farnily to 

remain the priority. 

The impact of these parental expectations on female -dents is quite significant 

As noted earlier, young talented women experience a conflict over pursuing family or 

career (Manis, Thomas, Sloat, & Davis, 1989). Many eventually assign a priority to 

family rather than to pursuing a career or M e r  education (Metha, Kinnier, & 

McWhirter 1989). The srna11 portion of those that do pursue careers in science managed 

to balance career and family, and doing so  was seen as an important factor in their 

success (Subotnik & Arnold, 1995). These life role expectations of family or family then 

career play a pivotal role in early adult achievement (Arnold, 1993). 

The literature indicates that parents, teachers, peers, the presence of biases in 

classroorn activities and texts, and the stereotyping of math and science as masculine, al1 
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negatively affect the femde student. Her perceptions of her ability, her confidence, and 

her interests in math and science appear to be minimized and discouraged, and she is less 

likely to pdcipate in advanced math and science courses (Cmjko & Berstein, 1989). 

Leaving secondary education, parental expectations pnoritiPng family appear to 

discourage her £Îom fulfilling her potential in the form of an advanced education andfor 

career, particularly in the fields of math and science (Reis, 1995). 

The changes in perceptions of ability, confidence, and the conflicts and changes in 

values noted above appear to have a singular and additive negative impact on fernale 

achievement. Their effect in concert has been demonstrated by Eccles' (1983,1987) 

Model of Achievement Motivation, 

Eccles et al.3 (2983) Model of Achievement Motivation 

An abundance of seemingly unconnected theones explaining gender-related 

patterns in achievement prompted Eccles (1983) and her colleagues to draw upon 

attribution, efficacy, and decision theory to develop a comprehensive model of academic 

choice. The mode1 links achievement-related decisions most directly to two sets of 

beliefs: expectation of success and subjective value. Expectation of success is comprised 

of three components: perceptions of one's domain-specific abilities (Le., seifconcept of 

ability) and confidence in one's current and future performance within a particular 

domain (Eccles, 1984; 1994). Subjective value subsumes four distinct values: intrinsic, 

attainment, utility, and cost (Eccles, 1994). 

Accordhg tu this model, an individual's educational or occupationai choice is 

guided by his or her expectations for success on, and a hierarchy of subjective values 
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assigned to, the various achievement options. These beliefs, in hini, are affected by such 

factors as perceptions of task difncdty associated with each achievement option, 

personal goals, self-concept and self-perceptions, aptitudes, and interpretations of past 

experiences. The mode1 suggests these beliefs and factors are shaped by an individual's 

perceptions of cultural noms and of socializers' (e.g-, parents, teachers) beliefs and 

behaviours- 

Eccles and her colleagues developed and tested their model in the early 1980's 

(Eccles, Adler, Futterman, Goff, Kaczala, Meece, & Midgley, 1983; Meece, (Parsons) 

Eccles, Kaczala, Goff, & Futterman, 1982). Using data h m  the initial stages of a seven- 

year longitudinal study, they confirmed the models predictions. Task value, perceived 

task difficulty, and expectations for success were found to predict math course enrolment- 

Eccles, Adler, and Meece (1984) compared the model to competing theories purporting to 

explain gender differences in achievernent Two hundred students in grades eight through 

ten were given the following attitudinal measures regarding Math and Engiish: self- 

concept of ability, subjective task value, perceived task difficulty, and contuiuing 

motivation. In the second year of the two year study, one hundred and for& two of the 

subjects were asked for their estimations of ability, expectations for success, and causal 

attributions, regarding several math tasks. As well, teacher estimations of student learned 

helplessness were garnered for al1 subjects in year one of the study. nie authors found 

little predictive power in learned helplessness and attribution theories explaining gender 

patterns in course enrolment Their achievement model, however, predicted course 

enrolment and accounted for the observed gender patterns in enrolment. 
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Having established the model, Eccles and her colIeagues began exploring in more 

detail the relations between the model's atiitudînal factors- They found that intrinsic and 

utility task values, more so than expectations for success, predicted achievement plans. 

Moreover, sex differences in perceived task value predicted sex differences in eventual 

math course enrolment and sports participation (Eccles, 1984,1989; Eccles (Parsons), 

Ader, & Meece, 1984; Eccles & Harold, 1991). Expectations of success, for both males 

and fernales, were found to be primarily related to an individual's actual performance 

levels, as reflected in current grade or GPA (Eccles, 1987; Eccles & Jacobs, 1986). 

In an attempt to explore the relations between the model's expectancies and value 

factors, Eccles and her colleagues performed several factor analyses on these 

components. Eccles and Jacobs (1986) confirmed the separability of the factors: 

perception of task difficdty, subjective task value, and ability perceptions. Eccles and 

Wigfield (1995) confinned the intrinsic, utility, and attainrnent components of the 

model's value factor. They found that the perceptions of task difficdty factor had two 

components: perceptions of task difficdty and perceptions of effort needed to do well. 

Further, their analysis indicated that the ability perceptions factor entaileci, as expected, 

perceptions of ability (domain-specific self-concept of ability), personal efficacy 

(confidence in one's current performance), and expectations for success (confidence in 

one's future performance). 

The relations among the social and attitudinal factors of the model have been 

extensively explored as well. For example, Eccles and her colleagues found that parent 

attitudes, beliefs, and perceptions are critical mediators of a child's academic and self 
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beliefs (Eccles 1986; 1992). More specifically, Jacobs, Eccles, and Harold (1990) found 

that parental perceptions of child ability, and of task difficulty, mediated the influence of 

past performance on a child's ability perceptions. Eccles (1 992) found that a mother's 

gender-role stereotypes interacted with the sex of the child, resulting in an overestimate 

ofthe child's ability, if the ability was in the direction of the stereotype. These parental, 

stereotypical beliefs and perceptions were found to influence task value for both male and 

female children, resdting in gender-related patterns in activity choices (Eccles, Jacobs, & 

Haroid 1990; Eccles, Jacobs, Harold, Yoon, Aberbach, & Dom, 1991). 

A number of studies have shown the impact of school and teacher influences on a 

child's achievement-related decisions. Eccles and Jacobs (1986) found thai teacher 

estimation of student ability influences a student's perceptions of task difficulty and 

ability. Midgley, Feldlauer, and Eccles (1989a), as well as Eccles, Lord, and Midgley 

(1991), found that declines in junior high school students' expectations for success, 

personal efficacy, and perceptions of task difficdty paralleled declines in teacher self- 

perceptions of eficacy. In a second study, Midgley, Feldlaufer, and Eccles (1989b) found 

a relationship between teacher support and subjective task value. Students who initially 

had a teacher providing them with low support and then a teacher providing high support 

significantly increased their subjective value of the subject matter taught by the teachers. 

In addition to ongoing work exploring influences on educational choices, Eccles 

and her colleagues have been exarnining occupational choices (Eccles, 1987; Eccles, 

1994; Eccles & Harold, 1992). In a recent study, Eccles, Jozefowicez, Barber, and 

Belansky (1993) found that Eccles mode1 applied to career decisions. More specifically, 



expectations for success and task vaiue influenced career aspirations and predicted 

eventual career choice. As well, Jozefowicg Barber, and Eccles, (1993) found that 

personal efficacy (Le., ability perceptions, a cornpanent of expectations for success) for 

various occupations was a significant predictor of occupational choice. 

Eccles and her colleagues have established a comprehensive mode1 detaiIing a 

number of critical influences on a student's educational and occupational choices. 

Whether gifted or average in ability, an individual's chuice of school subjects, sports 

activities, or career is infiuenced by his or her expectations for success on the various 

choices, and the personal values assigned to these choices. Eccles bas shown that the 

achievement-related choices one makes are determineci by the expectations for success 

one has for a particular achievement option (whether a course or career), and the value 

one assigns that particuiar option. Expectations, in turn, are influenced by self-schemas 

(e-g., self-confidence), perceptions of ability, and perceptions of task difficulty. The value 

of a particular achievernent option is influenced by its utility vaiue (how useful it will be), 

attainment value (the match between who you are and the characteristics of the course or 

career), and cost value (needed effort to succeed). The research on perceptions and 

confidence noted above suggest lower female expectations for success in math and 

science. Findings regarding attributions indicate that fernales perceive math and science 

as being difficult tasks with a higher cost value. The findings on attitudes towards math 

and science indicated change was, in part, due to low utility value. The confiicts and 

changes in values noted previously, as well as the male stereotyping of math and science 

noted earlier, change the attainment and cost value of math and science. These subjects 
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corne to be viewed as a mismatch between k i n g  ferninine and doing math or science. As 

well, pursuing the latter cornes at the high cost of balancuig multiple roIes. Given the 

impact on the various components of expectations for success and value, it is not 

surprishg that females fail to persist in math and science (Hollinger, 1991b; Schmurak, 

1996; Zonnan, 1996). 

Eccles (1987) noted that these psychological constnicts are influenced by social 

factors. She has shown that both expectations for success and the value assigned to 

achievement choices (whether a course or career) are shaped by gender-role schema; 

more specifically, that gender-role socialization (and the resulting internalized schema) 

shape the values a student assigns to perceiveci options. The stereotypical nature of the 

socialization creates a general concordance between stereotypical gender schema and 

career interests and choices (Eccles & Harold, 1992). This concordance is reflected in the 

continuhg female trend to choose stereotypical courses and careers (Hall & Kelly, 1995; 

Reis & Callahan, 1989). A number of authors have identified a range of social factors 

that contribute to gender socialization in a rnanner that discourages persistence in math 

and science. 

Recent work by Eccles and her colleagues has been exploring the factors 

underlying the achievement-related choices of young adults. In a study currently 

underway, Eccles and her colleagues have surveyed several U.S. college undergraduate 

populations, collecting data on values, expectancies, and several mediator variables. 

Although the body of research supportïng Eccles7 mode1 (Eccles et al., 1983; 

Eccles, 1987) is extensive, there are numerous limitations. Eccles and her colleagues 



have not explored her model in relation to minority populations. This seems particdarly 

relevant as values (e-g., attaînment and utility) play a prominent role in her model, and 

the influence of such values on choice may be affected (e.g., overshadowed) by the 

presence of minority cultural, racial, andor socio-economic values. 

A second limitation in the literaîure is the absence of research e x p l o ~ g  the 

influence of psychological development on Eccles' model (Eccles, 1987; Eccles et d., 

1983). By way of example, existing research on identity development (e-g., Marcia 1976, 

1980; Meilman, 1979, Orlofsky, 1979) indicates that several aspects of achievement (e-g-, 

degree of vocation cornmitment, grade point average, degree of difficulty of chosen 

major) Vary in relation to four identity statues (i .e., identitydified, forec losure, 

moratorium, and identity-achieved). Might these statuses also influence constructs in 

Eccles' model of achievement motivation (e.g., the coostruct General Self-Schemata)? 

In addition to the limitations noted above, there are two avenues that have not 

been explored and that might contribute to o u .  understanding of persistence in the 

Sciences. Research on th is  model has focused on confirmation of its ability to predict 

gender ciifferences in the course selection of secondary midents and the occupational 

choices of adults. However, the model has not been explored in relation to undergraduate 

students and the question of female persisteme in Science. This student population is of 

particular interest when considering the question of persistence, as it is during the 

undergraduate years that students make decisions about pursing education in a particular 

discipline. They have an opporhrnity to explore and follow their interests (whether 

intrinsic, utilitarian, or both), and they must commit to a major in a specific academic 



discipline. Thus, exploring thïs population allows for the possibility of examining these 

two circumstances as elements of persistence (Le., academic interests, as reflected in 

favourite subjects, and commitment to a major, an act that is reflective of persistence). 

Moreover, explorhg the relationships among gender, Eccles' constructs, and these 

elements of persistence would permit addressing such questions as: Does Eccles' model 

predict elements of penistence (Le., student interests and cornmitment to a major) given 

its ability to predict student course selection? Are there gender differences in the role 

Eccles' model plays in student interests and student commitment to a major? Explorhg 

these questions in a student population making critical academic and career decisions 

may M e r  our understanding of fernale persistence in Science. 

A second avenue suggested by the Iiterature supporting Eccles' (Eccles et al., 

1983; Eccles, 1987) work is exploration of her model in relation to models that influence 

student learning. As previously note& Eccles' research has focused on confiinnation of 

the model's ability to predict the course selection of secondaxy students and the 

occupational choices of adults. There has been no research exploring the model's 

relationships to constnicts (Le., models) affecting teaniing. 

There are, however, several studies in the field of Epistemology that suggest a 

relationship between models of epistemology, which are known to influence student 

learning, and Eccles'(Ecc1es et al., 1983; 1987) constmcts. Touchton, Wertheimer, 

Cornfeld, and Harrison (1977) rnounted a college career development course based on 

Peny's (1 96 8) epistemological model. They surveyed and matched student 

epistemological stance with course presentation materials and content. Students assigned 



a high level of value to the course and a high level of confidence in the subject matter, 

responses that suggest hi& utiIity value and high personal efficacy, respectively. Tobin, 

Tippins, and Hook (1995) found that differences between teacher and student 

epistemology produced student frustration and disernpowermen< a view of science as 

difficuit, and a student focus on 'just' obtaining a passing grade. These shident responses 

suggest reduced personal efficacy, an increase in perceptions of task difficulty, and 

reduced expectations of success. 

in the two studies, student respnses suggested that a match in epistemology 

affected utility values, personal efficacy, perceptions of task difficulty, and expectations 

of success, al1 of which are elernents of Eccles' (Eccles et al., 1983; 1987) model. 

Although these studies did not directly examine the connection between epistemology 

and achievement decisions, their hdings do suggest that there is a relationship between 

epistemology and Eccles' model. 

Epistemolow and Learning 

Psychological research on episternology began with the work of Perry (1968). He 

developed a model of epistemological development based on the questionnaire responses 

md interviews of male Harvard University undergraduates. His rnodel indicates that 

many students enter university with a dualistic view of the world That is, they view the 

world in black-or-white terms, and they believe the knowledge transmitted by authority 

to be absolute in nature. As these students encounter varying opinions, they begin to 

acknowledge uncertainty and this eventually prompts them to shift to a position of 

relativism, the view that knowledge is relative, contextual, complex and tentative. The 



perceived source of knowledge shifts as well, fiom authority as arbiter of knowledge to 

self as a maker of meaning (Perry, 1968; Schommer, 1994; Hofer & Pintrich, 1997). 

These shifts are then followed by commitments to values, careen, relationships, and 

personai identity. 

Peny (1968) explicitly placed his model within a Piagetian (1950) context, and he 

borrowed a number of the latter's constnicts to explain muvernent through his own 

model. He noted that his 'scheme' would be "... at a level as yet unexplored in Piaget's 

publications - a period of philosophizing in which the capacity for meta-thinking 

emergesY7 (p. 12). Progress through this scheme or mode1 was attnbuted to Piagetian 'de- 

centenng' and 'accommodation/assimilation', "... in those structures (roughly Piaget's 

"schema") tluough which the person h d s  meaning in his experïences" (p. 12). This 

positioning of his model as pst-Piagetian cognition was largely taken up by subsequent 

researchers in the field (e-g-, Schommer, 1990; 1994). As well, his work articulated the 

Dualistic, Multiplistic, and Relativistic epistemological positions taken up by the field in 

general (e-g., Baxter Magolda, 1995, King & Kitchener, 1994, Schommer, IWO). 

Since Perry's (1968) work, a number of researchers (e-g., Baxter Magolda, 1995; 

Schommer, 1990,1994) have investigated the links between epistemology and academic 

learning and performance. A brief review of this research is presented below. 

Student Perceotions 

Baxter-Magolda (1992) employed open-ended interviews and a questionnaire to 

detail the influence of epistemology on a shident's perception of the roles that the lemer, 

peers, instructor, and acadernic evaluation play in the typical classroom. As students 



move h m  the dualist to relativist stage, their views of the role of the leamer progress 

nom that of an acquirer of knowledge to an integrator and applier of knowledge. The 

perceived role of peers changes fiom transmitters of knowledge to resources which 

contribute ideas and elaborations of knowledge. The view of the Uistnictor's role changes 

corn that of a comrnunicator of knowledge to a promoter of knowledge embedded in 

context, and as a promoter of evaluative discussions of the underlying perspectives of 

knowledge. The view ofevaluation in the classroom shifk nom that of a vehicle w k h  

shows the instructor what a student has leamed to a tool which allows the student and 

instnictor to work toward leaming goals and to measure this progress. 

Baxter-Magolda's (1992) research on epistemology and leaming compliments 

research by a number of authors who have examined the affect of teacher and student 

episternologies on student perceptions. A review of this work is presented below. 

In a study by Hofer (1994)' the impact of two approaches to teaching math were 

explored One college class received the conventional approach to math, which has been 

described as objectivist and dualistic (e-g., Roth & Roychoudhury, 1994), and a second 

class received a constructivist (or relativist) approach to math, defined as portraying 

kno'wledge as personal, constructed, and tentative (Roth & Roychoudhury, 1994). Hofer 

found that students held objectivist views towards math and strongly resisted the 

teacher's constnictivist approach to math. Resistaoce generally took the form of 'But this 

isn't math" (Hofer, 1997; p. 129). 



In a study of career development, Touchton, Wertheimer, Cornfeld, and Harrison 

(1977) implemented a coilege career development course based on Perry's (1968) 

epistemological model. They surveyed and matched student and teacher epistemological 

stance with course presentation materials and content Students assigned a high value to 

the course as a whole, and they felt a high level of confidence in the subject matter. 

These studies indicate that student and teacher epistemologies (and the phcular  

episternology implied by the structure and content of the course) play a role in student 

leaming. The perceptions of the roies of leamer, peer, instructor, and evaluation in 

learning Vary by epistemological stance (Baxter-Magolda, 1992). A mismatc h between 

teacher and student epistemologies produces student resistance, fhtmtion, and 

disempowerment (Ho fer, 1994). A match in epistemology produced increased student 

confidence in course subject matter (Touchton et al., 1977). Although these studies 

identified the influence of epistemology on student behaviou. and perceptions, they did 

not examine student achievement, 

Additional research examining epistemo logy and leaming has s hown 

epistemology's influence extends to engagement in learning, task persistence, text 

comprehension, and coping with open-ended problerns. A bief review of this research is 

presented below. 

Active Engagement 

Research by Baxter-Magolda (1992) and BeletGy et al. (1986) indicate students 

with a dualist (or silent, receiving) epistemological stance take on a passive leaming role. 

That is, they receive information but do not actively question or engage the instnictor. 
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This passive acceptance of information has been found in studies exploring beliefs about 

histon'cal knowledge. For example, Fournier and Wineburg (1993) found that dualist 

students (i-e., those believing historical accounts were objective fact) believed that 

accouflts of history should be passively accepted as written. Relativist students (Le., those 

believing the passages were tentative, contextual accounts of history) believed that 

historical accounts are open to interpretation and questioning. 

Persistence 

In a study examining epistemology's role in readirg, Schommer (1990) found that 

a belief in quick all-or-none learning (Le., Schornrner' s Quick Leaming beiief) negativel y 

afEected students' persistence in understanding a complex reading passage. In a study on 

math problem solving Schoenfeld (1988) found a belief in quick leaming reduced 

student penistence on difficult math problems. Many of his high school subj ects felt 

math problems should be solved within five to ten minutes and that any more time spent 

was a waste of tirne. 

Comprehension 

In a study exploring reading comprehension in college students, Ryan (1984) 

drew a subset of items fiom Perry's (1968) epistemoiogical questionnaire and classified 

students as duaiist (knowledge is certain) or relativist (knowledge is uncertain and 

context dependent). He found that when dualists were asked how they knew they had 

understood sornething, they indicated being able to mal1 factual information. Relativists, 

on the other han& indicated being able to use knowledge in new situations. Schommer 

(1988) found that a belief in quick learning predicted poor performance on claçs tests and 



overconfidence in text comprehension. In a study involving comprehension of social, 

math, and physical science te-, Schommer (1990) found a belief in quick leamhg and 

certain knowledge (a dualist belief) predicted poor monitoring of comprehension. As 

well, the more students believed in qui& leaming, the less they understood the text they 

had read. Further, students with strong beliefs in simple knowledge (a dualist perspective) 

distorted passage Ulforrnation, interpreting the tentative knowledge in the text as fact 

Epistemological beliefs have been found to infiuence the integration of 

information within te= For example, a dualist belief about the nature of knowledge, that 

knowtedge is best viewed as a compendium of facts, has been shown to slow the 

acquisition and integration of scientific concepts (e-g., Songer & Linn, 199 1; Clemison, 

1990) and mathematical concepts (Schoenfeld, 1985,1988). Songer and Linn (1 99 1) 

found that hi& school students with a dualist view of knowledge believed leaming in 

science meant memorizing words and facts In contrast, those students with a relativist 

stance towards knowledge noted leaming meant understanding and connecting science 

ideas, and that "..some times the facts don? give you al1 the information you need" 

(p- 770). The authoa indicated that the relativist-oriented student tended to acquire 

science concepts more readily than did the dualist students. This research suggests 

teachers can foster student comprehension by being aware of and addressing 

episternology's impact on students' integration of text information. 

Own-ended Problems 

Beliefs about laiowledge and l e h g  have been shown to influence student 

performance on problems where there may be more than one right answer, more than one 



route to solve the problem, or there may not be any clear cut answer. As previously 

discussed, Dweck and Leggitt (1988) foimd that children who believe intelligence is 

fixed (in Schornmer's model, Fixed Ability) tended to perseverate in strategies and then 

give up when faced with difficult, ill-structured problerns. 

In a study of constructivist and perforrnative epistemologies, the latter being 

similar to P e q ' s  dualist position, Bryson (1993) found that -dents with a performative 

stance (which included a strong belief in h e d  ability and certain knowledge) employed 

basic strategies in approaching a solution to a research task. This was illustrated by one of 

the subject's research strategies, " to go to the libmy and look in a book. Sometimes they 

have the answer right away, and then you can stopY7(p. 3 10). Constructivist students 

tended to have additional stnitegies, as described by one subject, " 1 would probably go 

down to the library and look through the cabinets of books.. .But then I'd probably have to 

take a trip to the University and talk to the experts-Lots of things you need to know 

aren't in books" (p. 3 10). 

In summary, the research examining links between epistemology and learning 

indicates the former has a critical impact on learning. Conceptions of howledge and 

learning affect engagement in learning, persistence on task., comprehension of text 

matenal, and the selection of academic strategies. As well, such beliefs have been found 

to influence the relationships between students and teachers, and the students' 

perceptions of the roles the leamer, Fer,  instructor, and evaluation play within the 

classroom. 



There are several prominent models in the field of epistemology that, if examined 

in relation to Eccles' constmcts7 gender, and Science, may contrïïute to our 

understanding of femde persistence in the Sciences. These are reviewed below. 

Schomrner's ( 1990, 2994) Model of Epistemological Beliefs 

Schommer (1990) began her research by exarnining the work of Ferry (2968)' 

Belenky et al. (19861, and Kitchener and King (198 1). She suggested the rnixed finduigs 

in the field regarding links between leaming and persona1 epistemology reflected the 

general assumption that epistemological beliefs were unidimensional and progressed 

through k e d  stages. She reconceptualized epistemological beliefs as a multi-dimensional 

system of relatively independent beliefs, and she then tested this reconception via factor 

analysis. The statistical analysis produced the four dimensions (factors) currently 

constituting her epistemological model: Fired AbiIity, which ranges fiom the belief that 

the ability to learn is fked at birth to the belief that the ability to leam c m  be improved 

over tirne; Quick Learning, which ranges from the belief that leaming occurs in a short 

amount of time, or not at all, to a belief that leaming is gradual; Certain Knowledge, 

which ranges fiom the belief that laiowledge is certain and absolute to the belief that 

laiowledge is tentative and contextual; and S h p k  Knowledge, which ranges fiom the 

belief that knowledge is best thought of as isolated facts to the belief that laiowledge is 

characterized as cornplex, interrelated ideas. 

These factors were replicated in a second college sample, and in both gifted and 

nongified high school populations (Schommer, 1993; Schommer & Dunnell, 1994). As 

well, these latter shidies provided evidence supporting the epistemological model's 



assumption that epistemologicd beliefs are relatively independent. %y way of example, 

Schommer (1993a) found that, as the shidy's gified subjects proceeded through 

high school, their beliefs in simple knowledge and quick learning became more 

sophisticated (Le., they reduced their endorsement in these beliefs), while their beliefs in 

fixed ability and certain knowledge did not change. 

Schommer's (1990,1994) mode1 has been linked to a varïety of learning 

processes. Schommer (1988) found that a Mief in quick leaming predicted GPA (afler 

controlling for IQ), poor performance on class tests, and overconfidence in text 

comprehension. Moreover, a belief in quick learning and simple knowledge have been 

found to predict poor comprehension of social, math, and physical science texts, and 

poor monitoring of comprehension (Schommer, 1990). A belief in simple knowledge has 

been shown to negatively influence the integration of information (Songer & Linn, 199 1; 

Spiro et al, 1988). Bryson (1993) found that a belief in fixed ability negatively affected 

the nature of strategies used in problem-solving. Dweck and Leggett (1988) noted that 

fixed ability negatively influenced persistence on math and reading tasks. Finally, a belief 

in certain knowledge had been shown to reduce the degree of engagement in learning 

(Schommer, 1 994). 

In addition to the above findings Linking specitic epistemological beliefs and 

aspects of leaming, Schommer (1993b, 1994) found that most epistemological beliefs 

grow in sophistication as an individual proceeds through high school and college. 

Schommer and Dunnell(1994) found that gifted and nongifted students begin high school 

with similar Levels of epistemological sophistication. By the end of hi& school, gified 
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-dents, but not average students, significantly reduced their levels of belief in simple 

Imowledge and quick leaniing. For both populations, bzliefs in fixeci ability and certain 

knowiedge remained unchanged. As well, across both populations, males were more 

likely to believe in k e d  ability and quick leaniing. This gender difference has k e n  

found in a second study (Schommer, 1990), though the practical implications have not 

yet been examineci in the epistemological Merature. 

Recently, Schommer (1994) elaborated upon her conceptualization of 

epistemological beliefs. She bas suggested each belief is best characterized as a 

fiequency distribution. In place ofthe continuum, she proposed that an individual may 

believe most knowledge is certain, some is temporarily uncertain, and little is tentative. 

PosiMg such distributions, Schommer suggested, captures more accurately, the 

complexity of epistemological beliefs. This rekement in Schornmer's model has yet to 

be empirically tested. 

Schommer's (1994) research has been descri'bed as the most quantitative and 

analytical of the existing models of episîemology (Ho fer & Pintrich, 1997), and her 

efforts, as well as those using her model, have provided a large body of information 

detailing the links between epistemology and student performance. The model, however, 

has a number of limitations. For example, her statistical work on her questionnaire bas 

been cnticized for not including a factor analysis on individual questionnaire items (e-g., 

Hofer & Phtrich, 1997). Moreover, several authors have reported a range of statistical 

properties for Schommer's Epistemology Questiomaire. Jehng (1 993) administered 

Schommer's questionnaire, substituting the Simple Knowledge belief item set with an 
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Orderly Process belief set (drawn fiom Spiro et al., 1988). He employed a Cronbach's 

Alpha reliability index on the questionnaire and found 1) approximately 20% of 

Schommer's items had correlations of less than .IO, and 2) an additional seven items had 

low sub-scale discrimination capability. Jehng deleted the seventeen items from the scale, 

which then raised the questionnaire's overall reliability to -84, though subscale item sets 

(Quick Leaming, Fixed Ability, Certainty of Knowledge) continued to have reliabilities 

that ranged fiom .42 to 59. Notwithstanding the low subscale reliabilities, Jehng deemed 

the questionnaire as "...acceptable for group comparïsons" (p. 28). 

A second concem with Schommer's (1990; 1994) scale lies in the area of content 

representativeness. In a review of the personal epistemology literature, Hofer and Pintnch 

(1 997) noted that items on Schommer's Epistemology Questionnaire were phrased in 

either the k t  or third person, 'making it difficult to determine whether the respondent is 

refemng to personally held epistemological beliefs or perceptions of others' generalized 

beliefs7' (p. 1 10). 

Notwithstanding the scale-related concerns, the literature indicates the beliefs 

comprishg Schommer's mode1 have a subtle but critical impact on learning (Schornrner 

& Donnell, 1994). Although this body of literature is substantial and growuig, 

Schommer's (Schommer, 1990; 1994) mode1 has not been examined in relation to other 

models affixting student leaming, particdarly student achievement-related decisions, or 

in relation to female persistence in Science. 



Belenky et aLYs 11986) Women's Wavs of Knowinq 

Belenky, Clinchy, Goldberger, and Tarde (1986) in t e~ewed  135 f e d e  students 

and subsequentiy developed a Women's Ways of Knowing mode1 of episternology. 

Focushg pnmarily on the source of knowledge (Clinchy, 1989), these authors purposed 

five episternological perspectives, "... fiom which women know and view the world" 

(BelenS. et al., 1986, p. 1 5). In the Silence and Received perspectives of this model, 

which parallels Perry's (1 968) dualist position, wornen view knowledge as absolute and 

extemal to themselves. In the Saectnie perspective, knowledge is sidi viewed as 

absolute but its source has moved to withui the self In the Procedural perspective, 

women corne to apply objective, systematic procedures of analysis on knowledge. This 

application can take two forms: a) separate knowing, where the lmower takes an 

impersonal and detached stance towards howledge (as exemplified in critical thinlcing 

and the Scientific Method), or b) comected knowing, where the knower takes a personal 

approach to knowledge and emphases understanding rather than judgement. In the final 

perspective, Constnrcted knowledge, women integrate the separate and connected 

strategies for knowing. They view the self as an integrai part of knowing and they believe 

knowledge to be constnicted and context bound 

Since the publication of Women's Ways of Knowing in 1986, considerable use 

has been made of the model by educators in such fields as counselling (e-g., Enns, 1993), 

psychotherapy (Mahoney, 1 W6), law (e. g-, Ingulli, 1 992)' and nursiog (e-g., Eyres, 

Loustau, & Ersek, 1992). As well, the authors of the model, and subsequent researchers, 

have explored its application in the areas of pst-secondary and adult education (e-g., 
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Carfagna, 1995; Clïnchy, 1990; Clùichy, 1995; Enns, 1993; Lyons, 1990). For example, 

drawing upon the ideas of 'connected' knowing, 'connecte8 classes, and teacher as 'mid- 

wife,' ideas tbat developed out ofthe original work of Beledq et al. (1986), educators 

have reconsidered traditiod ctmiculurn and pedagogical pmctice as they developed and 

established Women's Studies programs in the US. (Carfagna, 1995; Musil, 992). In 

addition, educators have drawn upon these ideas in their attempts to recruit and retain 

fernale students in U.S. Colleges (Stanton, 1996), and to promote greater understanding 

(i-e., knowledge of, and the personal relevance of, subject matter) in various disciplines 

(e-g., Clinchy, 1995; Trumbull & Keer, 1993). 

The changes in pedagogical practices and curriculum noted above have generally 

had positive results (Butler, Cloyer, Homans, Longenechker, & Musil, 199 1 ; Morrow & 

Morrow, 1993; Stanton, 1996). This is encouraging, given the diaculties female students 

experienced when, as 'comected' knowers, they encountered 'separate' (i.e., traditional) 

pedagogical practices in the lwsroom (Belenlq et al., 1986). 

In their original work, Belenky et al. (1 986) f o n d  that a mismatch between 

student and course approaches to knowing had a signifiant negative effect on female 

students. The student reactions are conveyed in Belenky et al.'s comments: 

Being recipients but not sources of knowledge, the students felt confùsed and 

incapable when the teacher required that they do original work Angela had a 

professor who burdened her with just such expectations. She said he was wrong - 

"wrong in his method of teaching," not, of course, ' k o n g  because of what he 

said-" Knowing al1 the "right answers" himself, the professor refused to pass them 



on. "He wouid make you feel stlrpid. He would make you find the ançwen on 

your own. And he wouldn't wen give you any hints on what the rïght answers 

were.'' How could she learn if the teacher refused to pass along the knowledge?" 

@-40) 

The quote above illustrates Belenlq et d.'s finding that female students with a 

'connected' approach to knowing who were exposed to 'separate' pedagogical practices 

reported feeling disconnected and alienated from 'separate' knowledge. This problem 

was "particdarly acute with respect to Science7' peler@ et al., 1986, p. 2 15). A 

subsequent study found a similar reaction to Science (i-e., alienation and disconnection) 

by women who were not attending a pst-secondary institution (Barr & Birke, 1994). 

Belenky et al. (1986) noted that, in addition to feelings of aiienation and 

disconnection, 'konnected knowers struggle with understanding and developing a 

'separate' Way of Knowing, and in their attempts to do so, end up suppressing the self 

and feel that they were not "making themselves heard" (Belenlq et al., p. 199-200). 

Occasionally, the authon noted, W s  tension prompts thern to leave courses a d o r  

university because their only tool for howing has k e n  challenged and taken away" 

(Beledcy et al., p. 202). These hdings suggest that female students with a 'connecte& 

way of lmowing experience significant tension when exposed to 'separate' pedagogy. 

How do female students resolve this epistemological tension when committing to a 

Science, a discipline noted for its 'separate' approach to pedagogy (Belenky et al., 1986; 

Bam & Birke, 1994; Bendixen, Dunkle, & Schraw7 1994)? Do they adopt a 'separate' 

approach to knowing? Does this adoption extend to their persona1 lives, as well as to their 



academic lives? E x p l o ~ g  how this epistemological tension is resolved may provide a 

greater understanding of the factors intluencing persistence in Science. 

Waterrnan's (1982) Model of Science Epistemology 

One model of epistemology that suggests a direct relationship between 

epistemology, Science, and Ways of Knowing is Wateman's (1982) Model of Science 

Epistemology. Watennan sunreyed 364 undergraduate Biology students to obtain an 

initial sense of their conceptions of Science knowledge. She then conducted two 

interviews with thüty students drawn ftom the survey sample. The themes developed 

from the i n t e ~ e w s  resulted in the identification of îhree epistemologicd positions 

relating to Science knowledge. These were the Traditional, Mod~fled--Traditions(. and 

Contemporary. The Traditional view depicts Science knowledge as discovered and based 

on absolute, observable facts, and as additive d e r  than tentative in nature. The 

Modzfied- Traditonal view suggests that Science knowledge is discovered and based on 

observed, absolute facts, but it remains tentative and changeable in nature due to the 

limitations of the scientific method and/or human senses. Finally, the Contemporary view 

portrays Science knowledge as products of the human mind (i.e., constructed rather than 

discovered), and as being probabilistic, rather than absolute, in nature. 

The conceptions of science epistemology noted above are consistent with those 

used by many curent researchers exploring the role of science epistemology in learning 

Science (e-g. Carey & Smith, 1993; Hammer, 1994). As well, the 'Traditional' and 

'Modified-traditional' views appear to be consistent with a 'separate' Way of Knowing- 

Specifically, Waterman describes the Scientific Method as the "operational bais  of the 
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'Traditional' and 'Modifieci-traditional' views of Science" (p. 8). Beledq et al. (1986), 

as well as Clinchy (1989a; 1989b; 1996)' have descriid the Scientific Method as the 

primary tool of 'separate' knowing. Given this commonality, a relationship between 

approaches to knowing and conceptions of Science knowiedge is suggested To date, this 

possibility has not been explored empincally. 

In addition to this commonality, there may be a similarity in terms of eEect when 

Science pedagogical episternology differs fiom student epistemology. As previously 

noted, BelenS. et al., (1986) identified an epistemological tension that develops when 

'comected' knowers are exposed to 'separate' pedagogical practice. A second possible 

source of epistemological tension rnay occur when Science d e n t s  hold conceptions of 

Science knowledge that differ markedly fiom those held by their instructors and the 

Science curriculum. The literature exploring Science epistemology indicates secondary 

and post-secondary students generally hold theones and conceptions of Science that are 

'traditional' or ernpincist in nature (e-g., Grosslight, Unger, & Jay, 1991; Ryan & 

Aikenhead, 1995; Waterman, 1982) despite efforts by Amencan and Canadian Science 

instructors (and Science curriculums) to promote a 'constnictivist' approach to Science 

(Carey & Smith, 1993; Edmonson & Novak, 1993; Nadeau & Desautels, 1984). Such a 

mismatch has been show to negatively affect the teaching-leaming process (Schon, 

1987; Goidberger, Tarde, Clinchy, & Belenky, 1996; Tobin, Tippins, & I-Iook, 1995). 

Given this effecf the impact of the mismatch in Science epistemology on the teaching- 

leaming process may be a source of epistemological tension that may affect, either 

singulariy, or in concert with the epistemological tension described by Belenky et al. 
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(1 986), the willingness of female students to persist in Science. This possibility has not 

been expIored, empir idy .  

Summarv 

Researchers exploring women's achievement, and their pursuit of advanced 

education and careers in Science, have identified numerous individual constructs and 

social factors which influence women to pursue education and careers in fields other than 

Science, though they are as capable as theu male counterparts- These factors exert their 

influence hdividually and in concert, as demonstrated by the literature supporting Eccles' 

(Eccles et al., 1986) Mode1 of Achievement Motivation 

Although this mode1 is well supported by research, it has not been examined in a 

pst-secondary population, where -dents make decisions about pusuing a field and a 

career. In addition, the model has not been explored in relation to other models known to 

affect çtudent leaming. One model, Schommer's (1990; 1994) Epistemological Beliefs, 

has demonstrated the significant impact epistemology has on a variety of learning 

processes, and supporting research suggests it may affect a number of Eccles' conçtnicts. 

Exploring the relationship between Eccles' constructs, which affect student decisions, 

and Schornmer3s beliefs, which affect student learning, across two elements of 

persistence in a pst-secondary population (i-e., student interests and cornmitment to 

Science) may M e r  our understanding of fernale persistence in Science. 

Additionally, research underlying two models of episternology indicate the 

possibility of epistemologicai tension as an additional obstacle to female persistence in 

Science. Specifically, research supporting Women's Ways of Knowing (Belenky et al., 



1986) indicated that differences between student and discipline epiçtemologies (Le., 

female ' connecte8 kmwen and ' separate' pedagogy) significantly and negatïvely affect 

female çhidents. Exploring the nature ofthe adjustment to instruction in a discipline that 

female students make when cornmitting to a Science may contribute to our understanding 

of persistence in Science. 

A second epistemological model, Wateman's (1 982) Science Epistemology, 

articulates two conceptions of science epistemology ('Traditional' and 'Modified- 

traditional') that are similar to Belenky et al.'s (1986) conception of 'separate' knowing. 

Such a commonality suggests the possibility of a second source of epistemological 

tension that may produce alienatiun similar to that identified by Beledq et al. (1986). 

The present study explores the nature of this commonality (Le., the possibility of a 

relationship), as a preliminary step to exarnining the relationship's affect on female 

persistence in Science. 



CHAPTER III 

Metbod 

This chapter is divided into five sections. The first will address the recruitment 

and characteristics of the study's participants. Following this are sections discussing the 

research instruments, data collection procedures, and data scoring procedures. The 

chapter wdi then conclude with the procedures employed to analyze the data These 

procedures will be descnbed as they pertain to the research questions in the present study. 

Participants 

The pool of participants in the present study entailed one hundred and fi@-one 

undergraduate -dents between the ages of 18 and 35. Forty-one of the study's 

participants were randody selected fiorn a pool of 199 1-1 995 participants in the Shad 

Valley program, a university-based summer program for hi& school students excelling in 

Science (i-e., Math, Chemistry, Physics, Biology, and Engineering). At the time of this 

midy, the students had graduated fiom the program and were attending pst-secondary 

institutions across Canada, 

The Shad Valley participants were selected because of their talents, interests, and 

achievement in Science, which is the general field of interest in this study. Further, their 

successes might indicate strong expeçtations for success, selfconcept of ability, and 

subjective task values, and thus provide a gwd opportunity to test the variables in this 

study. To guard against limiting the study's hdings  to this group of students, there was a 

need to access a broad pool of typical undergraduate students with talents, interests, and 

success in Science, as well as nonscience disciplines. Towards this end, the remaining 
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partkipants in the present study (Le., 1 10 participants) were obtained £tom two sources: 

fi*-four students were raudomly drawn from a general undergraduate psychology 

course at a college in Western Canada, and fm-six students were randornly drawn fiom 

several sections of a general undergraduate education course at a University in Westem 

Canada- 

Research uistnrments 

The instruments and interview questions used in this study were drawn fiom the 

works of Eccles et al. (1983; Eccles, 1987), Schommer (t 990; 1994), Belenky et al. 

(1986; 1997), and Waterman (1982). The instruments were completed by al1 three groups 

of participants (Le., the college, univenity and Shad Valley groups). In addition, the Shad 

Valley group responded to the i n t e ~ e w  questions. Samples of the instruments and 

interview questions used in the current shidy are provided in Appendix A. 

Eccles et al.'s (1983) Scales 

Expectations for success, subjective task values, and self-concept of abilities were 

assessed by Eccles et al.'s College Questionnaire (see Appendix A.1). n i e  instrument 

was first administered during the final (Le., 1992 - 1993) phase of Eccles et a l 3  

longitudinal study of adolescent life transitions (Eccles et ai., 1983). Subsequent factor 

analyses on the questionnaire's scales indicated ail items Ioaded on their respective scales 

in the range of -60 to -89 (Eccles et al., 1997, personal communication). A confirmatory 

factor analyses is underway (Eccles et al., 1998, personal communication). 

There were a nurnber of variables on the cotlege instnunent which were not 

gemme to the current study, such as items pertaining to  racism, sexism, and rnilitaxy 



service. These items were deleted fiom the questionnaire. Further, several demographic 

variables were appended to the questionnaire (see Appendix A2). 

In the present study, a Cronbach's Alpha reliability analysis was completed OP 

Eccles' (Eccles et al., 1983) scales. Table 1 displays a cornparison of the scales' alpha 

values obtained in the current study with the alpha values obtained by Eccles et al (1998, 

persona1 communication). As Table 1 suggests, sut of the nine alpha values in the current 

study fall in the range of fair to good reliability (i-e., -7 1 to .86), and are thus similar to 

those reported by Eccles. The following scales with f&r to low reliability were retained in 

subsequent analyses as they are of theoretical interest: Expectations for Success (alpha = 

.68), Attainment Value: Major (alpha =.68), Utility Value: Job (alpha =.58). Further, the 

following scales each contain two items and were reîained in subsequent analyses due to 

their theoretical value: Utility Value: Courses, Self-Concept of Ability: Social Sciences, 

and Self-Concept of Ability: Advânced- 



Table I 
Cronbach Alpha Reliabilities: Eccles et a l h  (1983) Scales 

Cronbach's Alpha Cronbach's Alpha 
(Current Study) (Eccles Study) 

SCA': Major -71 -7 2 

SCA: Eng (kginee~g/Math/Science) -86 -89 

SCA: Social Sciences -76 -72 

SCA: Advanced -83 -78 

Expectation for Success -6 8 -89 

Utility Value: Courses 

Utility Value: Job 

Attainment Value: Major -68 -77 

Attainment Value: University -74 -75 

L~elf-~oncept of Ability 



Schommer's (1 990,1994) Evistemolow Ouestionnaire 

Epistemological beliefs were assessed via Schommer's Episternologicaf 

Questionnaire (See Appendix A3). The instrument has been used by numerom authors to 

explore the presence and influence of epistemological beliefs in a variety of populations, 

including several college popdations (e-g., Schommer, 1990; Schommer, Crouse, & 

Rhodes, 1992). 

Schommer (1 993 b) reported a questionnaire test-retest reliability of .74, and 

subscale reliabilities ranging from -68 to -85 (Schommer, 1993b). However, several 

authors (e.g., Jehng, 1993) have reported lower psychometn'c properties for the 

questionnaire (e.g-, -42 to -59). As well, a recent review (Hofer & Pintrich, 1997) noted 

that rnany items on the questionnaire used a third person referent, "making it difficult to 

determine whether the respondent is referring to personally held epistemological beliefs 

or perceptions of others' generalized beliefs" (Hofer & Pintrich, 1997, p. 110). Given 

these concems, the questionnaire's items were rephrased to reflect a first penon referent. 

For example, the item 'The ody thing that is certain is uncertainty itself' was changed to 

"1 believe that the ody thing that is certain is uncertainty itself" The adapted 

questionnaire used in the current study is provided in Appendix A.4. 

in addition to rephrasing items, the inteml consistency of the questionnaire was 

explored by obtaining subscale Cronbach's alpha reliabilities and Pearson Product 

Moment Correlations. The questionnaire's original alphas and correlations were 

requested fiorn Schommer, but the data was mavailable for this study. 



The questionnaire's Cronbach alphas are presented in Table 2. As the table 

illustrates, three of the four subscales obtained low to fair reliability (i-e., -63 to -70). 

Certain Knowledge was of questionable reliability (Le., .48), and was not included in 

subsequent analyses. 

Table 2 
Cronbach Alpha Reliabilities: Schommer's ( 1990) Epistemolow Questionnaire 

Scale Cronbach's Alpha 

Quick Leaming 

Fixed Ability 

Certain Knowledge 

Simple Knowledge 
- - 

Pearson correlations for the four subscales are listed in Table 3. As the table 

indicates, correlations among the subscales suggest Certain Knowledge and Simple 

Knowledge are measuriog different constructs, as are Quick Leaming and Simple 

Knowledge. Further, the strength of the correlation between Quick Leafning and Fixed 

Table 3 
Pearson Corre1ations: Schommer's ( 1990) E~istemology Ouestionnaire 

Quick Leamlng 

Fixed Ability 

Ceriain Knowledge 

Simple Knowledge 

Note: * ~ . 0 5 .  *p .01 .  



Ability (-46) suggests they may be measuring a similar, underlying constmct. 

Se~arate and Connected Knowing 

The concepts of 'separate' and 'connecteci' laiowing were fint articulated in the 

work of Belenky, CLinchy, Goldberger, and Tanile (1986). Subsequent researchen have 

replicated the constnicts and found them to be differentially related to decision making 

preferences (Ullrnan-Petrash, 19931, self-other diserentiation, and integration (Woike, 

1992, 1994; Lang-Takac & Osterweil, 1992). As well, research has s h o w  that the 

'separate' and 'comected' constmcts dîfferentially affect student overall satisfaction 

with, and overall performance in, pst-secondary courses (Belenky et al., 1986; Clinchy, 

1996). In addition, Buczynski (1993) developed a Ways of Knowing Scale based on 

Belenky et al.3 model. She reported exploratory and confirmatory factor analyses, and 

Cronbach Alphas, that supported the scale and its underlying constructs. 

In a nurnber of subsequent articles expanding on the 'separate' and 'connected' 

constructs, Clinchy (1989a, 1989b) describes the 'critical thinking' of the 'separate' 

knower (e.g., the propensity to use reasoned argument, and to think of differing or 

opposing trains of logic, when listening to another's point of view) as a key criteria 

distinguishing 'separate' from 'connected' knowing. She indicated that the following 

participant quote clearly tapped this distinction, and she noted she used the passage in the 

study described in the text, Women 's Wqs of Knowing (Belenky et al., 1986): "As soon 

as someone tells me about hisher point of view, 1 immediately start arguing in my head 

the opposite point of view. When someone is saying something, 1 can't help tuming it 

upside down." (1989% p. 16).This passage was used in a similar fàshion in the present 
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shidy. That is, the passage was used as a prompt to tap separate and connected knowing 

in two settings: the participant's academic life and his.5er personal Ne. The passage and 

prompts are provided in Appendix A S  (Combined with the Waterman questions). 

Wateman's (1982) Science Epistemology 

Views of science were assessed using items drawn from Waterrnan's (1982) 

survey of science epistemology (see Appendk A5). The survey was composed of thirty- 

three items pilot-tested with seventy-eight post-secondary biology students. During pilot 

interviews, the students were asked to interpret the survey items and to comment on iten 

clarity. As well, the items were used to open discussion about the nature of Science 

knowledge. The shident feedback, and that of graduate students in Science and a number 

of univenity faculty members, was used to revise the survey's items. Subsequently, two 

factor analyses found the expected three factor çtnichue: Science knowledge and 

religious beliefs, a traditional view of Science, and a contemporary view of Science. 

hdividrial item loadings ranged fkom 0.3 to 0.55. The strength of these loadings may 

have been affected by the studyys small sample size (i-e., 296 students). 

The fou. items used in the present study were selected on the basis of 1) -dent 

ratings of item clarity and student accuracy in interpreting an item @ o h  sources of 

information were provided in Wateman's study), and 2) high loadings (Le., -3 to S S ) ,  

relative to the remaining survey items, on Waterman's factor analyses. As in Wateman's 

study, the items were used to initiate "...discussion about the nature of science 

knowledge" (p. 56). The two contemporary view of Science items selected for the present 

study were the following: 1) Scientific knowledge is a changing and evolving body of 



concepts and theories, and 2) Theones and rnodels are products of the human mind and 

may or may not accmtely represent reality- The two items reflecting a traditional view 

of science knowledge were: 1) Scientifte method will eventually let people l e m  the real 

truth about the natural world and how it works, and 2) The ultimate goal of science is to 

gather al1 the facts about natural phenornena The items and their prompts are provided in 

Appendix A S  

Data Collection 

The Eccles et al.'s (1982) scales and the Schommer (1990; 1994) Epistemology 

Questionnaire were prepared as a survey package and completed by al1 subjects. in 

addition to these instruments, the package contained a page requesting demographic 

information, an invitational letter describing the study, and a participant consent fom 

(see Appendiv B). The participants dram from a university and a college were 

administered the packages in groups. The invitational letter and consent forms were read 

doud by the examiner, and participants were rerninded that there was no penalty if they 

chose to withdraw from the study. Shad Valley participants were contacted by mail and 

asked to complete and return the sunrey packages. 

Once the survey packages were retunied, a random sample of Shad Valley 

program graduates (1 6 fernales and 10 males) were in t e~ewed  by telephone. The 

i n t e ~ e w  participants were drawn fiom the Shad Valley group because, as previously 

noted, this group had talents, interests, and achievement in Science, which is the general 

field of interest in this study. 
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During the telephone in te~ews ,  the Waterman (1982) statements and the Ways 

of Knowing passage were verbdly presented as prompts to access their approach to 

understanding knowledge and their views of science knowledge. The presentation of 

statements was conter-balanced so as to minimize the possibility of order effects. 

Data Scorinq 

Research Instruments 

Participant responses to the study's survey package were entered into a statistical 

prograrn (Le. Survey-Pro) which permitted a review of  the çtudy7s data (e-g., response 

errors and omissions). Once the review was completed, the Survey-Pro program was used 

to convert the study's data into an SPSS data analysis file. 

Interview Ouestions 

As previously noted, the interview sample consisteci of twenty-six Shad Valley 

prograrn graduates (16 females and 10 males) randomly drawn from a pool of 199 1 - 1995 

participants in the Shad Valley program. Of the sixteen fernales interviewed, nine were 

majors in a Science discipline (i-e., math, physics, biology, chemistry, or engineering), 

and seven were majors in a nonscience discipline (Le., arts, business, or cornputer). With 

respect to the ten males interviewed, six were majors in a Science (Le., math, physics, 

biology, chernistry, or engineering), and four were nonscience majors (Le., arts, 

business). Overall, fifieen of the participants interviewed were science majors and eleven 

were nonscience majors. 

Senarate and Comected Knowing. The parçicipant7s responses to the WWK 

passage were coded as being consistent with a 'separate' or 'connected7 way of knowing, 



using definitions of 'separate' and 'connected' knowing (see Appendix C) from Belenlq 

et al. (1986; 1997) and Clinchy (198%; 1989b). By way of example, the participant 

responses noted below were coded as 'separate' and 'connected' ways of knowing, 

respec tivel y: 

[interviewer reads the WWK passage : "As soon as someone tells me about 
hislher point of view, I immediately start arguing the opposite point of view. 
When sorneone is saying something' 1 can't help tuming it upside down"1 

Separate Knowing 

ParticiPt: "(laughter) yeah that's exactly what 1 do." 

Interviewer: "Oh, is it?" 

Participant: "Yeah (laughter). Like 1 don't know, I always think of the opposite 

and then i f s  uh, 1 doo't agree with the opposite then I might agree with them, but 

1 always build a case against what they Say first." (Pharmacist major) 

Connected Knowing 

Participant: "[no] ... I'm more likely to uhm ... 1 guess empathize with the penon's 

point of view and if I agree with it, then 1 won't uhrn, 1 don? know, 1 rarely 

intentionally take the other side of an argument, just for the sake of doing that-" 

(Biology major) 

Once the initial set of responses were coded by this researcher, the coding process 

was repeated for the responses to prompts explorhg the participants' ways of lmowing in 

a personal setting. 

Waterman's (1982) Science E~istemoloey, The coding of participant responses 

was guided by the definitions and guidelines provided by Waterman (1982). By way of 
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example, participant responses that portrayed science knowledge as absolute (e-g., based 

on 'facts'), and additive in nature? were coded as 'Traditional' views of science 

knowledge. Responses that indicated science knowledge was 'fact,' but tentative and 

changing due to the limits of scientific method and/or hurnan senses were coded as 

'Modified-Traditional? views of science lmowledge. Finally, interview responses îhat 

indicated science knowledge was probabilistic and constnicted in nature (Le., a product 

of the hurnan mind) were coded as 'Conternporary' views of science knowledge. The 

following two participant quotes reflect 'Traditional' and 'Modified-Traditional' 

responses to the statement: Science knowledge is a changing and evolving body of 

concepts and theones. 

'Traditional' view of science knowledge 

Participant: "Uhm, I think rnost of our major discoveries are already behind us, 

and now we're dealing with just putting the pieces together." (Science major) 

'Modified-Traditional' view of science knowledge 

Participant: "there's no question. 1 guess I would Say 1 would agree with that 

because uhm, obviously scientific knowledge is based on uh, certain premises that 

are, you know, determined by facts available at the tirne ... 1 just think uhm, a lot of 

scientific knowledge is, is stiU growing, 1 mean there's not an absolute foundation 

of, of exact uh, answers out there 1 guess, at the moment, so 1 guess 1 would Say it 

continually is evolving and in search for answers in a general sense I guess." 

(Film major) 



The participant quote noted below represents a 'Contemporary' response to the 

statement: Theones and rnodels of science are products of the human mind and may or 

may not accurately represent reality. 

'Contemporary' view of science knowledge 

Participant: "Yeah, 1 completely agree with that. It's uhm, theories and 

particularly models are just sotnethhg that we uhm, corne up with to make uhm, 

to make what we observe easier for us to understand ... I think that humans can 

only think about things in certain ways and it makes it so much easier for us to 

understand somethuig if we can relate it to sornething we already know about like 

uhm, in the mode1 of the atom there was a cookie dough mode1 or something ... it's 

easier for us to visualize and7 of course uhm, it's sort of highly unlikely that the 

atom would be this way. (Biology major) 

After participants' responses to staternents were coded, the responses to the four 

Waterman statements were analyzed to obtain general classifications of the participants7 

views of science knowledge. Specifically, if three of the four responses were coded as a 

particular view (e.g., 'Modified-Traditional'), then the participant received the same 

classification (i-e., 'Modified-Traditional'). There were no cases where a participant 

obtained an even split between two views of science (e-g., two responses coded as a 

'Traditional' view of science and two coded as a 'Modified-Traditional7 view of science). 

Reliabilitv 

An inter-rater check was perfonned on both the ways of knowing and science 

epistemology codes. Sixteen interview protocols (approximately sixty percent of the total 



interview sarnple) were randomly selected and independently coded by two raters. There 

was concurrence on aii protocols for the ways ofknowing codes (Le., separate or 

connected across two contexts: the academic and personal setting), and concurrence on 

15 of 16 protocols for the three views of science codes (i-e., Traditional', 'Modified- 

Traditional', or 'Contemporaq'). The resulting inter-rater agreement was approhately 

97% (3 1 of 32 protocols). Differences were resolved through discussion 

Data Analvses 

For the purposes of &ta analyses, the variables Science Major and Science 

Favorite entailed the following range of disciplines: Math, Chemistry, Physics, Biology, 

and Engineering. The nonscience variables (Le., Nonscience Favorite and Nonscience 

Major) included any discipline in the Arts (e-g., Sociology, History, Philosophy, English), 

or the fields of Business and/or Cornputers (cg., public reIations, human resources, 

muItimedia development, programmer/analyst). The specific data analyses are outlined 

below. As an organizational aid, the various analyses are organized by research question. 

Research Questions and Associated Statistical Anahses 

1. 1s Schommer's (1990; 1994) Model of Epistemology related to Eccles et al's 

(1983; Eccles, 1987) Model of Achievement Motivation? 

This question was addressed by exploring Pearson Product Moment Correlations 

between Schommer's (1990, 1994) four epistemological beliefs and eight of Eccles et 

a l 3  (2983; Eccles, 1987) construcl. 
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2, Do individnals who eadorse a Science as a favorite subject d s e r  from those who 

do not in terms of Schommer's (1990; 1994) epistemological beliefk and Eccles e t  

al's (1 983; Eccles, 1987) constructs? 

A MANOVA statistical anaiysis was used to detemine whether there were 

differences between groups. This was followed by univariate F tests on several 

demographic variables. Subsequentfy, a Logistic Regression andysis was performed to 

determine which, if any, of the variables of interest predicted Science as a favorite 

subject. 

3. Do participants who declare a Science as a major differ from those who do not in 

terms of Schommer's (1990; 1994) epistemologieal beliefs and Eccles et. al's 

(1983; Eccles, 1987) constmcts? 

A MANOVA statistical analysis and univariate F tests (on demographic variables) 

were performed to explore differences between groups. Subsequently, a Logistic 

Regression analysis was performed to detemine which, if any, of the variables of interest 

predicted Science as a major. 

4a. Do Schommer's (1990; 1994) episternological beliefs and Eccles e t  al's (1983; 

Eccles, 1987) constnicts Vary acrzs gender? 

4b. Do Scbornrner's (1990; 1994) epistemologieal beliefb and Eccles et. al's (1983; 

Eccles, 1987) constnicts Vary  within gender? 

A MANOVA was conducted to explore gender differences among the two sets of 

constructs. This analysis were followed by MANOVAS exploring differences between 



6 1 

fernale -dents who chose a science versus nonscience subject as a favorite subject, and 

differences between female science majors versus nonscience majors. 

S. Are there sssociations among Ways of Knowing, Science Epistemology, Gender, 

and declared Major? 

Twenty-sut sets of interview responses were coded as demonstrating either a 

'separate' or 'connected' way of knowhg, using definitions from Belenlq et al. (1986, 

1997) and Clinchy (1989% 1989b). ln addition, the interviews were coded as 

'Traditional,' 'Modified-Traditional,' or 'Contemporary, ' using W a t e m '  s ( 1 982) 

definitions noted in Chapter II. Once codiog was completed, the question of associations 

was addressed by exphring: 1) the fiequency of gender and major by Ways of Knowing, 

2) the frequency of gender and major by Science Epistemology, and 3) the frequency of 

gender and major by Ways of Knowing and Science Epistemology. 



C W T E R  N 

Results 

This chapter presents a description of the participant sample followed by the 

analyses of the study's research questions. Each question is presented with the results of 

the analyses completed for that particular question. 

Description of the Partisimts 

One hundred and fifty-one undergraduate students participated in this study. 

Overall, the mean age of the students was 20.8 years (SD= 2-31, with a range of 18 to 35 

years of age. Approximately half of the students were female (i-e., 58.7%), and the mean 

shident grade point average (GPA) was 2.6 on a three point scale. [n tems of parent 

education, a majorïty of the study's participants (Le., 77%) indicated that their fathers had 

acquired a pst-secondary education. As well, a majonty of the participants (Le., 68%) 

indicated that their mot& had obtained a pst-secondary education. 

The characteristics of individual groups were explored by descriptive 

statistics and compared by univariate F tests. As Table 4 illustrates, al1 three participant 

groups were significantly different in tems of age. An inspection of the participant 

surveys indicated that the difference in age among the groups was due to differences 

between the numbers of retunring (i-e., mature) students in the Shad Valley group aad in 

the group drawn fkom one poçt-secondq institution (a univenity), as well as few 

retunllng students in the group dmwn fiom a secondary post-secondary group 

(a college). 



Table 4 
Participant Characteristics bv gr ou^ 

Source Number of Mean Age* Gender Mean GPA** 
Subjects ~ W S )  (3.0 Scaie) 

College 56 2 1.0 (18-35) 60% fernale 2-5 

University 54 19.4 (18-22) 50% female 2.3 

Shad 41 22.4 (20-26) 65% fernale 2-9 

*Significant differences between al1 groups (F (2,148)= 27.306, =.O 1 ). 
**Significant difference between Shad vs College & University (F(2,145)-20 -29, ec.0 1). 

A Scheffe pst-hoc test revealed the Shad Valley group had a significantly higher 

GPA than did the University and College groups. ThÏs ciifference was not unexpected as 

the Shad Valley participants had a history of excelling in Math andfor Science. Further, a 

review of the literature indicated that GPA is not a p h a r y  predictor of the constnicts in 

the present sîudy (e-g., Schommer, 1988; Schornmer & Donnell, 1994; Eccles & Jacobs, 

1986). 

An inspection of the levels of parent education across the three groups indicated 

that the university and the college groups had a lower percentage of fathers with a post- 

secondary education (Le., 30% and 36%, respectively), and mothers with a post- 

secondary education (38% and 35%, respectively), than did the Shad Valley group (95% 

and 80%, respectively). Although there are differences in the level of parent education, a 

review of the literature indicated that the level of parent education is not a primary 

predictor of epistemological beliefs (e-g., Schommer & Dunnell, 1987) or Eccles etal's 

(1983) constructs (e-g., Eccles, 1987; Jacobs & Eccles, 1992). 
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A review of the descriptive statistics on participants7 declared major and 

discipline interests indicated there were significant Merences among the three 

participant groups. The Shad Valley sample contained a majority of the Science majors 

and students with a Science a s  a tàvourite subject (44% and 49%- respectively). The 

samples drawn from the university and college contained few Science majors (26% and 

3096, respectively), and few students with a Science as a favourite subject (20% and 3 1%- 

respectively). Additional group characteristics are provided in Appendix D. The 

implications of the group differences are discussed in the Delimitations and Limitations 

section of chapter IV. 

Research Ouestions and Analyses 

Question 1 

Is Schommer's (1990; 1994) Model of Epistemology related to Eccles et aL's 

(1983; Eccles, 1987) Model of Achievement Motivation? 

A Pearson Correlation was conducted on Schommer's (1990; 1994) four 

epistemological beliefs and eight of Eccles et al.3 constnicts. As Table 5 indicates, there 

were numerous significant correlations. A belief in Quick Learning was significantly and 

negatively associated with Expecîation of Success, Self-Concept of Ability: Major, Self- 

Concept of Ability: Advanced, Utility: Courses, and both attainment values. A belief in 

Fixed Ability was significantly and oegatively associated with Self-Concept of Ability: 

Advanced, Utility: Courses, and both attauiment values. The belief Simple Knowledge 

was significantly and positively associated with Self-Concept of Ability (both 

Engineering and Advanced), Attainment Value: University, and both utility values. 



A closer inspection of the Pearson Correlation output indicated the various 

significant correlations accounted for minimal variance. By way of example, the 

correlation between Attainment Value: University (ATVal:Univ) was statistically 

signincant (Le., -.37). However, the variance accounted for was only fourteen percent 

(Le., 13.69 %). The low percentages of variance accounted for by the various significant 

correlations indicate the correlations have minimal practicd import 

Table 5 
Pearson Correlaîions: Schommer's (1 990) and Eccles et al.3 ( 1983) Scales 

1 Expectation of Success, SelGConcept of Ability: Major, Self-Concept of Ability: 
Engineering, Self-Concept of Ability: Advanced, Anainment Value: Major, Attainment 
Value: University, Utility: Courses, Utility: Job, Quick Leaming, Fixed Ability, Simple 
Knowledge. Note: N = 15 1, *@.05, * * ~ . 0  1 

Do individuah who endorse a Science as a favourite subject differ from those 

who do oot in terms of Schommer's ( 1990; 1994) epistemological beliefs and 

Eccles et al.% (1983; Ecctes, 1987) constructs? 

A MANOVA indicated significant ciifferences between those who did or did not 

declare a Science as a favourite subject (Hotellings T~ = -45, F = 6.9, <.O0 1). Table 6 

presents the univariate results. As the table illustrates, those who indicated a Science was 

a favourite subject had significantly higher mean endorsements on Expectation of 



Success Self-Concept of Ability: Engineering, Self-Concept of Ability: Advanced, and 

Fixed Ability, and a significantiy lower endorsement on UtiIity: Job. 

Table 6 
Science as a Favourïte Subiect: Group Differences on Key Variables 

Science not a favourite Science as a favounte Univariate F 
N=83 N = 65 Total N = 148 

variable' Mean S. Deviaîion Mean S. Deviation 

Exp.of Su 

SCA:Eng 

SCArAdv 

Va1ue:Univ 

Uti1ity:Jo b 

Uti1ity:Crs 

Quick Lm 

Fx Ability 

Sim-Know 

'~xpctation of Success, Self-Concept of Ability:EngineeMg, Self-Concept of 
Ability:Advanced, Attainment Vaiue:University, Utility:Job, Utility:Courses, Quick 
Leaming, Fixed Ability, Simple Knowledge. Note: *E c.05, **g <-0 1, ***E <.O0 1. 

ANOVAS on demographic variables indicated that there were si@ ficant 

differences between the Science favorite and nonscience favorite groups in ternis of Age 

(P l  7.0, ~ 0 0  1) and GPA ( F 4 . 2 ,  p G l 1 ) .  Participants who listed a Science as a 

favourite subject were significantly older (mean = 22.3, S.D.= 2.2) than those who did 
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not list a Science as a favomite subject (mean = 20.4, S.D= 2.4). As well, participants 

who indicated a Science as a favouàe subject reported a significantly higher GPA (mean 

= 2.8, S.D.= 0.6) than did those who did not indicate a Science as a favourite subject 

(mean = 2.4, S.D.= 0.6). Further, there were higher percentages of fathers with a post- 

secondary education in the group indicating a science as a favourite (73.3%) than in the 

group not indicating a Science as a favourite (28.6%). The findùigs were similar for 

mothers with a pst-secondary education (46.7% and 28.6%, respectively). 

Because the variables in the present analyses were a mix of continuous and 

dichotomous variables, a Logistic Regression analysis was performed to determine which 

of the variables noted above predicted science as a favourite subject (Tabachnick & 

Fidell, 1996). As part of the analysis, a Wald statistic is generated and reported (see Table 

7). Tabachnick and FidelI(1996) indicate this statistic is the equivalent to a univanate F 

statistic. 

As Table 7 illustrates, three variables were significant predictors. These were: 

Self-Concept of Ability: Engineering, Fixed Ability, and Age. The logistic regression 

equation correctly classified sixty percent of the participants who did endorse a Science 

as a favourïte subject, and correctly classified ninely-five percent of whose who did not 

make suc h an endorsement The overall percentage classified correct1 y was 

approximately ninety percent (Le., 87.67%). These classification estimates may be 

inflated as they incorporate significantly different percentages of midents with a science 

as a favorite subject and a nonscience as a favorite subject (Le., 56%, and 44%- 

respectively ). 



Table 7 
Science as a Favourite Subiect: Loglstic Remession Andysis 

- -- 

variable' Beta Weight R wa1d2 

Exp.of Su 

SCA:Eng 

SCA:ADV 

Utility :Job 

Uti1ity:Crs 

Quick Lm 

Fx Ability 

Sim.Know 

-- 

'~x~ectation of Success, SelfConcept of AbiIity:Engineering, Self-Concept of 
Ability : Advanced, Attainment Value:University, Utility : Job, Utili ty : Courses, Quic k 
Leaming, Fixed Ability, Simple Knowledge, Gender, Age, and Grade Point Average. 
The Wald statistic is the quivalent of a univariate F statistic (Tabachnick & Fidell, 

1996). *F-05, **p =.O 1. 



Question 3 

Do individuah who deelare a Science as a major differ from those who do not in 

tems of Schommer's (1990; 1994) episternological beliefs and Eccles et al.% 

(1993; Eccles, 1987) eonstmcts? 

A MANOVA indicated significant ciifferences between those who did or did not 

elect a Science major (Hotellings T~ = 1-08, F = 8.86, 1-00 1). TabIe 8 presents the 

univariate results. As the table illustrates, those who Uidicated a Science major had 

significantly higher mean endorsements on Expectation of Success, Self-Concept of 

Ability: Major, Self-Concept of Ability: Engineering, Self-Concept of Ability: Advanced, 

Utility: Courses, and Simple Knowledge. 

ANOVAS on the demographic variables indicated that there was a sigruficant 

difErence between the groups in terms of age (F = 32.2, ~ . 0 0  1). Science majors were 

older (mean = 22.3, S.D.= 2.3), than nonscience majors (rnean = 20.2, S.DA -5). 

Differences between the groups in terms of GPA approached significance (F = 3.7, 

p=-059). Science majors tended to have a higher GPA (mean = 2.7, S.D.=.5) than did 

nonscience majors (mean = 2.5, S.D.=.6). Further, there were higher percentages of 

fathers with a pst-secondary education in the group indicating a science major (70%) 

than in the group not indicating a science major (32%). Similar results were obtained for 

mothen with a pst-secondary education (41% and 32%, respectivety). 



Table 8 
Science Maior: Grou0 DifEerences on Key Variables 

NonScience Major Science Major Univariate F 
N = 3 8  N-27 Total N = M2 

variabkl Mean S. Deviation Mean S. Deviation 

Exp.of Sn 

SCA:M 

SCA:Eng 

SCA:Adv 

AtVaIueM 

AtVa1ue:Univ 

Utility : Job 

uti1ity:crs 

Quick Lm 

Fx Ability 

Sim.Know 

1 Expectation of Success, Self-Concept of Ability: Major, Self-Concept of Ability: 
Engineering, Self-Concept of Ability: Advanced, Attainment Value, Aminment 
Value:Universiîy, Utility: Job, Utility: Courses, Quick Learning, Fixed Ability, Simple 
KnowIedge. tThe N of 65 majors represents 44% of the overall sarnple N (i-e., 148). 
Note: *Q c-05, **e t01, **p t O O 1 .  
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As previouçly noted, due to the mixed nature of the independent and dependent 

variables (Le., continuous and discrete), a Logistic Regression analysis was performed to 

determine which, if any, of the variables ooted above predicted Science as a major. As 

Table 9 illustrates, Self-Concept of Ability: Engineering, Fixed ability, and Age were 

significant predicton of Science as a major. The logistic regession equation classified 

corrmtly seventy-three percent of the participants who elected a Science major, and 

classified correctly ninety-four percent of those who did not elect a Science as a major. 

The overail percentage cIaçsified correctly was ninety percent (Le., 89.22 %). As 

previously note4 these estimates rnay be infiated due to the significantly diEerent 

percentages of nonscience and science majors (Le., 58% and 42%, respectively; N = 65). 



Table 9 
Science Maior, Logistic Regsession - Analvsis 

variable1 Beta Wei@ R waid2 
-- - 

Exp.of Su 

SCA:Major 

SCA:Eng 

SCA:Adv 

AtVdue: Major 

AtVa1ue:Univ 

Utility: Job 

UtilityCourses 

Quick Lm 

Fx Ability 

Sim-Know 

1 Expectation of Success, Self-Concept of Ability: Major, Self-Concept of Ability: 
Engineering, Self-Concept of Ability: Advanced, Attainment Value: Major, Attainment 
Value: University, Utility: Job, Utility: Courses, Quick Leaming, Fixed Ability, Simple 
Knowledge, Gender, Age, and Grade Point Average. The Wald statistic is the 
equivdent of a univariate F statistic (Tabachnick & FidelI, 1996). Note: *p <.05, 
**Q a l .  



Question 4a 

Do Schommer's (1990; 1994) epistemological beliefs and Eecles et al-% (1983; 

Eccles, 1987) constracts difkr across gender? 

A MANOVA was conducted to explore gender differences among two sets of 

constnicts: epistemological beliefs and Eccles7 (Eccles et al., 1983) scales. As Table 10 

illustrates, there are significant gender differences (Hotelling's T~ = -2 1, F = 3 -3 5, ~ . 0  1). 

Fernale participants had significantly higher mean endorsements on Attainment Value: 

University (mean = 15.28, S.D.= 2-93), relative to males (mean = 13-76> S.D.= 3.91). 

Male participants had signifiçantly higher mean endorsements on Quick Leaming (mean 

= 22.23, S.D.= 4-81)> relative to similar, female participants (mean = 20.10, S.D.= 4-23}, 

and they had significantly higher mean endonements of Fixed Ability (mean = 33.35, 

S.D.= 5-54), as compared to similar, female participants (mean = 3 1-43, S.D.= 5.27). As 

well, on the variable Self-Concep? of Abihty: Engineering, which approached 

significance (i-e., =Ml), male participants tended to have a higher mean of 

endorsement (mean = 21 -32, S.D.= 6.70) than did female participants (mean = 19.00, 

S.D.= 7.43). 



Table 10 
Gender DiRerences: Epistemological Beliefs and Eccles' ( 1983) Scdes 

Male Participants ( ~ 4 9 ' )  Female Participants (N=89) 

Univariate F 
variable' Mean S. Deviation Mean S. Deviation Total N = 148 

Exp.of Su 16.02 

SCA:Eng 21.32 

SCA:Adv 10-47 

AtVa1ue:Univ 13.76 

Utility: Job 3-77 

Uti1ity:Crs 9-65 

Quick Lrn 22.23 

Fixed Ability 33.35 

Sim-Know 55-87 
- -- - - -- - 

1 Expectation of Success, Self-Concept of Ability:Engineering, Self-Concept of 
AbilityAdvanced, Attainment Value:University, UtilityJob, Utility: Courses, Quick 
Le-ng, Fixed Ability, Simple Knowledge. Three male protocois were incomplete. 
Note: 3p = .O5 1, *Q <.OS, **g<.O 1. 
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MANOVAS explonng gender differences within the major and favowite subject 

groups were nonsignificant 

Ouestion 4b 

Do Schornmer's (1990; 1994) epistemologîcal beliefs and Eccles et al.% (1983; 

Eccles, 1987) constracts Vary withio gender? 

A MANOVA was perfonned to explore diEerences between female subjects who 

selected a Science as a favourite subject and those who did not, and between female 

subjects with a Science major and those with a nonscience subject as a major. nie resultç 

were signifcant for the Science favourite group (Hotellings TL =.48, F = 4.20, F-00 1) 

and the Science major group (Hotellings T2 =1.03, F = 4.50, F-001). 

Table 11 presents the univariate results for the science favourite group. As the 

table illustrates, female students who selected a science as a favounte subject had a 

higher mean endorsement on several Eccles et aL7s constructs (i-e., Expectation of 

Success, SelfConcept of Ability (Eng, Adv,) and Utility: Courses) relative to fernale 

students who chose a subject other than a Science as a favourite subject. These groups did 

not m e r  in tenns of intrinsic task values. Additionally, female students with a Science as 

a favourite subject had a significantly stronger belief in Fixed Ability than did students 

who chose a subject other than a Science as a favourite subject. 



Tabte I l  
Science Favourite: Differences Among; Female Students on Key Variables 

- .  

NonScience Favourite Science Favomite MANOVA F 
N=52 N=37 TotaI N = 89 

variable' Mean S. Deviation Mean S, Deviation 

Exp.of Su 

SCA:Eng 

SCA:ADV 

AtValue:Univ 

Uti1ity:Job 

Uti1ity:Crs 

Quick Lm 

Fa Ability 

Sim.Know 
- - 

1 Expectation of Success, Self-Concept of Ability: Engineering, SelfConcept of Ability: 
Advanced, Attainment Value:University, Uti lity : Jo b, Utility : Courses, Quick Learning, 
Fixed Ability, Simple Knowledge. Note: *E (-05, **Q t0 1 , ***p <.O0 1. 
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Table 12 presents the univariate results for the Science major group. As the table 

illustrates, female Science majors had significantiy higher mean endonements of Self- 

Concept of Ability (hg, Adv), relative to nonscience majors. In addition, they had a 

significantly higher mean endorsement of Simple Knowledge, relative to nonscience 

femaie majors. There were no Merences between Science and nonscience majors in 

tems of  Expectation of  Success, Utility: Courses, or Fixed Ability; constmcts that 

distinguished between females with a Science or nonscience subject as a favourite 

subject 



Table 12 
Science Maior Differences Among Female Students on Key Variables 

NonScience Major Science Major UnivaRate F 
N = 23 N =  17 Total N = 40' 

- - 

variable1 Mean S- Deviation Mean S. Deviation 

Exp.of Su 

SCA:Eng 

SCA:ADV 

AtValue:Univ 

Uti1ity:Job 

UtilityCrs 

Quick Lm 

Fx Ability 

Sirn.Know 

"Expectation of Success, Self-Concept of Ability: Engineering, Self-Concept of Ability: 
Advanced, Attainment Va1ue:University. Utility: Job, Utility: Courses, Quick Learning. 
Fixed Ability, Simple Knowledge. ' ~ e s s  than half (i-e., 45%) of al1 females had selected 
a major (the percentage for males was 46%). Note: *p <OS, **p (00 1. 



Ouestion 5 

Are there associations among Ways of Knowing, Science Epistemology, Gender, 

and Major? 

Two frequency-based analyses were conducted. The first compared the Ways of 

Knowing and declared major of the twenty-six Shad Valley interview participants. As 

Figure 1 illustrates, there is a trend among the sixteen female participants. Al1 six female 

participants with a 'separate' way of knowing in both academic and persond settings had 

a Science as a major. Ofthose six femafe participants with a 'separate' way of knowing 

in an academic setting and a 'comected' way of knowing in a personal setting, two had a 

Science major. Finally, of the four female participants with a 'connected' way of 

knowing across academic and persond settings, one had a Science major. In contra$ 

nine of the ten male participants with a 'separate' way of knowing in both academic and 

personal settings had a mix of majors (Le., 5 Science and 4 nonscience). The single male 

participant with a 'separate' way of knowing in an academic setting and a 'comected' 

way of knowing in a personal contes had a Science major. 

The second fkquency-based analysis compared Science Epistemology (Le., views 

of science knowledge), gender, and major. As figure 2 illustrates, most participants, 

regardless of gender, had a 'Modified-Traditional' view of Science knowledge. The 

numbers of 'Traditional' and 'Contemporaiy' views were quite small (Le., four per 

category), precluding analysis of gender differences among the three views of science, 

and cornparisons among views of science, Ways of Knowing, gender, and major. 



Ways of Knowing by Major (Female Participants) 

Separate Knowing Sepaate and Connectecf Knowing 
Connec!eü Knowing 

science Major H NonScience Major 1 

Fimire 1. Frequencies of Ways of Knowing by Major 

Views of Science Knowledge by Gender 

10 Mak Participants H Female Participants 1 

Fimre 2. Frequencies of Views of Science Knowledge by Gender 



CHAPTER V 

Discussion 

This chapter begins with a discussion of the snidy's results as they pertain to each 

research question Following this is a generai discussion of the study's findings. The 

subsequent sections in this chapter discuss the limitations of the current shidy and 

directions for friture research. 

Research Questions 

1. Is Schommer's (1990; 1994) Mode1 of Epistemology related to Eccles' 

@celes et al, 1983; Eccles, 1987) Mode1 of Achievernent Motivation? 

The results of the present study indicate that there were significant statistical 

relationships between the two modeis. However, the variance accounted for in these 

relationships, and therefore their practical import, was minimal. This may reflect a lack of 

association between the rnodels andor the psychometric properties of Schommer's 

(1990; 1994) scale. The impact of the scale's properties on the findings of the current 

study is discussed M e r  in the Delimitations and Limitations and Directions for Further 

Research sections of this chapter. 

2. Do participants who endorse a Science as a favorite subject differ from those 

who do not in terrns of Schommer's (1990; 1994) epistemological beliefs and 

Eccles' (Eccles et al., 1983; Eccles, 1987) constructs? 

Students with a Science as a favorite subject had a higher self-concept of ability in 

regards to Engineering, Math, and Science, as well as a higher expectation of success and 

a stronger belief in fixed ability than did students with a nonscience as a favorite subject. 
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As well, students with a Science as a favorite subject had a higher self-concept of ability, 

in terms of completing an advanced degree, and they placed l e s  emphasis on the 

ernployment value of attending university (i-e., a lower endorsement of Utility: Job). 

There were several differences betweea the Science and nonscience favorite 

subject groups that predicted choice of a Science as a favorite subject These included: 

SelfConcept of Ability in Engineering* Math, and Science, and a belief in Fixed Ability. 

Among demographic variables, age, but not GPA or gender, predicted Science as a 

favorite subject- 

These resdts suggest that Self-Concept of Ability: Engineering predicts pst- 

secondary student assignment of Science as a favorite subject. This is consistent with 

Eccles' previous work involving sirnilar scales, secondary students, and the choice of a 

paàcular academic course (Eccles et al., 1983; Eccles, 1984; Eccles, 1987). 

Of particular interest in the current study is the finding that expectation of success 

distinguished between. but did not predict, differences between students with a Science 

or a nonscience as a favorite subject. Further, numerous task values (i-e., Attaimnent 

Value: University, and Utility: Courses) failed to predict differences between participants 

in the favorite subject group. Eccles, however, has found thac at the secondary school 

level, expectation of success and subjective task values were predictive of student 

academic choices (Eccles et al., 1983; Eccles, 2984). 

The difference between Eccles' @cles et al., 1983; Eccles, 1987) research and 

the current findings suggests that Eccles' constnicts may operate differentially (Le., Vary 

in relative importance) when considering student interests and student academic choices 



at the pst-secondary level of education. It may be that, in ternis of student academic 

interests, self-concept of ability appears to be relatively more important than expectations 

of success, the intnnsic value assigned to University, or the utility values assigned to 

specific university courses and to university, in general. Student interests may be 

p"narÎly guided by what they believe they are good at, rather than by their expectations 

and subjective task values. The impact of Eccles' constnicts on student interests and 

choices at different education levels is an area for M e r  research. 

Additional factors not explored by Eccles at the secondary Level, but that appear 

to predict interest in a subject (Le., a Science as a favorite subject) were a belief in 

Learning (Fked Ability), and the demographic variable, age. Relative to students with a 

nonscience subject as a favorite subject, students with a Science as a favorite subject 

were older and had a stronger belief in the immutability of one's ability to leam. 

Although speculative, these differences may reflect greater or longer exposure to 

pedagogical practices (e.g., in Science) that encourage students to rely on rote memory to 

master compendiums of discipline-related 'facts' presented through the early course of 

their undergraduate education. Their success may encourage a stronger belief in the 

importance of rote memory (Le., their natural ability), and thus foster a greater belief in a 

h e d  ability to lem.  

3. Do participants who declare Science as a major diner from those who do not in 

terms of Schommer's (1990; 1994) epistemological beliefs and Eccles' (1983; 

Eccles, 1987) constructs? 
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Science majors had higher Expectations of Success and Self-Concept of Ability 

(Major, Engineering, Math, Science; Advanced) than did nonscience majors. As well, 

they held a stronger belief in Simple Knowledge, and they perceived more utility in their 

courses t h  did nonscience majors. Additional analysis indicated that SeIfconcept of 

Ability: Engineering, Fixed Ability, and Age, van-ables that predicted Science as a 

favorite subject, also predicted Science as a major. 

These results are consistent with Eccles' (Eccles et al., 1983; Eccles, 1984) 

previous hdings regarding the predictive relationship between sekoncept of ability 

and choosing a particular subject in secondary school populations. It appears that this 

relationship holds for pst-secondary students' choice of major. uiterestingly, although 

Eccles found that subjective task values and expectation of success have a predictive 

relationship with achievernent-related choices in a secondary school setting, the current 

study did not find a predictive relationship between these values, expectations, and choice 

of a Science or nonscience major. This may suggest that these constructs are relatively 

less important than selfconcept of abi1ity (in Engineering, Math, and Science) when 

students are cornrnitting to a major in a Science. However, when considering individual 

courses, these constnicts rnay gain relative importance and predictiveness, as 

demonstrated in Eccles' previous work (e.g., Eccles et al., 1983; Eccles, 1987; 1994). The 

ciifference in relative importance in the roles of Eccles' constructs in predicting a major 

and course selection is an area for m e r  study. 

4(a) Do Schommer's (1990; 1994) epistemological beiiefs and Eccles' 

(Eccles et ai., 1983; Eccles, 1987) constructs Vary across gender? 



The results of the present study suggest that there were significant gender 

differences among the sets of coIiStNcts. Female participants assigned a higher U1trÏnsic 

value to university than did their male counterparts. As well, they had a stronger belief in 

being able to improve their ability to leam (i.e., lower endorsement of Fued Ability), and 

a stronger belief that their leamhg is a gradua1 process (Le., a lower endorsement of 

Quick Leaming) than did their male counterparts. Ln addition, female students, relative to 

their male counterpartç, tended to have a lower self-concept of ability in the fields of 

Engineering, Math, and Science. These gender merences are consistent with existing 

literature (Eccles, 1987; Schommer, 1994). 

49 Do Schommer's (1990; 1994) epistemological beliefs and Eccles' 

(Eccles et al., 1983; Eccles, 1987) constructs Vary within Gender? 

An analysis of within gender differences revealed female students with an 

interest in a Science had a higher self-concept of ability in Engineering, Math, and 

Science, and in acquiring advanced degrees, than did female midents with a nonscience 

favorite. A similar pattern was found between fernale students with a Science major and 

those with a nonscience major- 

There were a number of inconsistencies across the fàvorite subject and major 

groups. Femaie studzots with a Science as a favorite subject, relative to female -dents 

with a nonscience as a favorite, had a stronger expectation of success, and stronger 

beliefs in the utility of their courses and in a fixed ability to learn. However, among 

female Science and nonscience majors, there was no merence in terms of expectations 

of success, course utility or belief in h e d  abitity. Rather, female Science and nonscience 



majors were differentiated by a belief in Simple Knowledge. That is, female Science 

majors, relative to female studenîs with a nonscience major, had a significantly stronger 

belief in the simple, encyclopedic nature of howledge. 

5. Are there associations among Ways of Knowing, Seience Epistemology, Gender, 

and Major? 

The results of the present study indicated îhaî the 'separate' and 'connnected' 

knowing coIlSfIucts were associated with gender. Specifically, twelve of the sixteen 

female participants irrte~ewed in the present study used a ' separate' way of knowing, 

whereas nine of ten males interviewed indicated a 'separate' way of laiowhg. 

An interesting trend was found when cornparhg Ways of Knowing, gender, and 

major. Al1 six female participants with a 'separate' way of knowing in both an academic 

and personal setting were Science majors. Two of six female participants with a 

'separate' way of knowing in an academic context and a 'connected' way of knowing in a 

persod context were Science majors, and only one of three fernales with a 'connected' 

way of knowing in both an academic and personal setting was a Science major (see 

Figure 1). In contrast, there was a balance of Science and nonscience majors among the 

nine male participants with a 'separate' way of knowing in both an academic and 

personal setîing. 

This trend of increasïng 'separateness' and iocreasing selection of a Science as a 

major is consistent with, and may provide additional evidence of, the posited conflict 

women experience as they are exposed to a 'separate' way of knowing in university. The 

literature uidicates that Science is particularly empiricist and 'separate' in its pedagogical 



practices at the undergraduate level (e-g., Edmonton & Novak, 1993). It may be that the 

posited confiict generated by the pedagogical demand to shifî fkom a 'connecte& to a 

'separate' way of knowing is exacerbated by the particularly strong empiricist and 

separate pedagogicd pracîices used in undergraduate Science courses. This aggravated 

conflict may be an additional factor contributhg to fernafe midents' tendency to pursue 

majors and careers in fields other than Science. 

With respect to Science Epistemology, the results of the present study indicate 

that students hoId perceptions of Science howledge that are consistent with a 

'Traditional,' 'Modined-Traditional,' or 'Contemporary' view of Science knowledge. A 

majority of this study's i n t e ~ e w e d  participants (eighteen of the twenty-six inte~ewed 

participants) held a ' Modified-Traditional' view of Science knowledge. That is, they 

viewed Science knowledge as discovered, based on observeable, absolute facts, but 

tentative and changeable due to the limitations of the scient-& method ancilor hurnan 

senses. Four of the twenty-six UiteMewed participants held a 'Traditionai' view of 

Science knowledge. They viewed Science knowledge as discovered, based on absolute, 

observable facts, and additive rather than tentative in nature. FinalIy, four of the twenty- 

six participants interviewed held a 'Conternporary' view of Science knowledge. That is, 

they viewed Science knowledge as products of the human mind (i-e., constructed rather 

than discovered) and thus probabilistic rather than absolute in nature. 

The distribution of views of Science among participants in the current study (i-e., 

the presence of a large majority of 'Modified-Traditional' views of Science ) is consistent 

with Watennan (1982) who found that a large majority of her participants had a 



'Modified-Traditionai' view of Science knowledge. Unfortunately, the presence of 

relatively few 'Traditional' or 'Conternporary' vie- of Science knowledge precluded 

explorhg relationships between views of Science Epistemology, Wornen's Ways of 

Knowing, gender, and major. 

Generai Discussion 

The current study explored the tendency of female students to pursue advanced 

courses andor a careers in fields other than Math and Science, though they are as capable 

as male students in these domains. This question of fernale persistence in Science, which 

is d e h e d  in this study as involving two elements: an interest in and the selection of a 

major in a Science, was explored by 1) examining relations between Schornmer's (1990; 

1994) Model of Epistemology and Eccles' (Eccles et al., 1983; Eccles, 1987) Model of 

Achievernent Motivation, and 2) exploring associations between approaches to knowhg, 

views of Science knowledge, cornmitment to a Science major, and gender. 

The present study found that beliefs about the nahue of learning and the nature of 

knowledge predict and/or are associated with interest in and commîtment to a Science. 

Further, the observed differences in the roles that these beliefs and Eccles'(Ecc1es et al., 

1983; Eccles, 1987) constmcts play in student interest in and/or cornmitment to a major 

in Science provides an indication of the dynamic processes involved in persisting in an 

academic subject at the undergraduate level of education. 

The findings of the present study suggest that there are a number of individual 

differences among and between the participant groups. Expectations of Success and Self- 

Concept of Ability ( b g Ù i e e ~ g  and Advanced) consistently distinpuished between a) 



-dents who had an interest in Science and students with an interest in a nonscience 

subjea and b) between students who elected a major in Science or a field other than a 

Science. Students with a Science as a favorite subject had higher expectations of success 

at university and a higher self-concept of ability in Engineering, Math, and Science, and 

in acquirhg advanced courses in these subjects than did shidents with a nonscience as a 

favorite subject. Moreover, students with a major in Science were higher on these 

constructs than were studenîs with majors in a nonscience subject. These nndings are 

consistent with the literature on Ecclesy model and its application at the secondary school 

level (e-g., Eccles et al., 1983; Eccles, 1987). The present findings contribute to this body 

of Merahire by suggesting Eccles' model is predictive at the undergraduate level of 

education. 

Of particular interest are the inconsistencies among the variables distuiguishing 

between students with an interest in, or a commitment to, Science and students with 

interests and commitments to subjects other than Science. Specifically, students who 

indicated Science as a favorite subject had a significantly lower endorsement of the 

usefulness of attendhg universiQ to improve empioyment prospects (i.e., Utility: Job), 

than did students with a nonscience subject as a favorite subject. Additionally, students 

with a Science major, relative to nonscience majors, had a significantly higher 

endorsement of the usefulness of cornes in meeting the demands of a major a n d h  

career (Le., Util: Cn). There was no difference between Science and nonscience majors 

in ternis of the usefulness of attending university to irnprove employment prospects (Le., 

Util: Job). Although specuiative, the inconsistencies in the utility value endorsements 



noted above may suggest that once students move fiom having an interest in, to 

committing to, Science (reflecting persistence in the subject) their perceptions of the 

utility value of university and discipline-related courses may increase to a greater degree 

than is the case for students committùig to nonscience majors- Why this may occur is an 

area for M e r  research. 

In addition to the ciifferences among Eccles' variables across the favorite subject 

and major groups, there were differences in the relative importance of various 

epistemological beliefs. Students who indicated Science as a favorite subject had a 

stronger belief in a k e d  ability to l e m  than did those students who indicated a 

nonscience subject as a favorite. Science majon had a stronger belief in the simplicity of 

knowledge (i-e., knowledge is absolute and encyclopedic in nature) than did nonscience 

majon. Although speculative, the relative differences in the role of epistemological 

beliefs may reflect student adjustment to academic commitments. For example, once a 

student commits to a major in Science, she rnay begin to place less emphasis on the 

ability to l e m  and more emphasis on acquVing knowledge in the domain. 

There were a number of gender-related hdings in the present study, although 

these differences were not as strong as the ciifferences between individuals noted above. 

Female students assigned a higher intrinsic value to university than did their male 

counterparts. As previously note, in the present study, neither intrinsic value nor utility 

values predicted cornmitment to Science. These findings expand the current literaîure on 

Eccles7 (1987) mode1 in that Eccles' earlier work with secondary students indicated task 

values accounted for gender-related patterns of course selection. The present ridings 
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suggest values do not appear to predict post-secondary student interest in, or cornmitment 

to, Science. 

In addition to differences in values, female participants, relative to their male 

counterparts, had a significantly lower endorsement of beliefs in Fixed Ability, Quick 

Learning, and SeIf-Concept of Ability (Engineering). As previously reporteci, Fixed 

Ability and SelfConcept of Ability (Engineering) were found to be predictors of interest 

in, and commitment to, Science. The individual and aggregate influences these constnicts 

have on fernale and male interest in, and/or commitrnent to, Science are areas for further 

study. 

An analysis of within gender differences revealed some interesting consistencies 

and differences among female students. In the favorite subject group, female students 

with Science as a favorite subject had significantly higher Expectations of Success and 

Self-Concept of Ability (Engineering; Advanced) than did female students endorsing a 

nonscience fkvorite. SelfConcept of Ability (Enginee~g, Advanced), but not 

Expectations of Success, similarly distinguished between female Science and nonscience 

majors. The differences in Expectation of Success among female students in the present 

study is an interesting area for fuaher research. 

The individual and gender differences found across Eccles' (1983) constructs 

furthers the litemture on ber model of achievement motivation. As previously noted, the 

literature on this mode1 bas involved secondary students and their achievement-related 

choices or adults and their career choices. There is little resesuch available on how the 

model may work in undergraduate populations. The present study found that Eccles' 



(Eccles et al., 1983; Eccles, 1987) mode1 holds for students at the undergraduate level of 

education, a time of important decisions regarding pursuing advanced education andor a 

career in a particular academic field. As well, the results of the present study found that 

the model's constructs work in a more complex fahion than previously ùidicated in the 

literature. 

Previous research has found that expectations of success, perceptions of ability, 

and subjective task values ( i n d i c  value more so than utility value) predicted secondary 

student academic choices (e.g., Eccles et al., 1983; 1984; Eccles, 1987; 1994). in the 

undergraduate *dent population in this study, these constructs appear to operate in a 

complex manner. Neither expectations of success nor task values predicted student 

interest in, or commitment tu, Science. Among female students, those with a Science as a 

favorite subject had significantly higher Expectations of Success than did females with a 

nonscience favorite subject. Female Science and nonscience majors had similar levels of 

Expectation of Success. 

With respect to subjective task values, among fernale students, the utitity value of 

courses was significantly higher for female students with a science as a favorite subject, 

relative to those with a nonscience favorite subject. However, utility values (i.e., Course 

or Job) did not distinguish between female Science and nonscience majors. The construct, 

Attainment Value: Universityy was higher for males than for females, in general, but it 

did ncit predict interest in, or cornmitment to, Science. The present study's findings 

indicate neither attainment or utility values in general predict interest in, or commitment 

to, Science, 



The most consistent predictor of student interest in, and/or cornmitment to, a 

discipline was Self-Concept of Ability in the areas of Engineering, Math, or Science. In 

ternis of individual differences, perceptions of ability in the areas of engineering, math, or 

Science were higher for individuals with interests in, or commitment to, a Science, as 

compared to students with interests and cormnitments in areas other than Science. With 

respect to gender, perceptions of ability were higher for males than females, in general. 

Among female students, perceptions of ability were higher for females with interests in, 

or com.mïtment to, a Science. These findings suggest that SelfConcept of Ability in the 

areas of Engineering, Math, and Science is a consistent marker of interest in and/or 

commitment to Science. 

The curent findings regarding task values contribute to the literature on Eccles' 

(Eccles et al., 1983; Eccles, 1987) model. Previous research by Eccles indicated that task 

values (i-e., Attainment and Utility values) predict gender differences in course selection 

(e-g., Eccles, 1984; Eccles, 1987). In the present study, the intrinsic value assigned to 

university was significantly higher among femde -dents than among male students. 

However, intrinsic value did not predict interests or majors. The second value measured, 

Utility value (Courses, Job), differentiated between student academic interests and 

majors, but did not predict Science major or interest in Science. Although speculative, 

these findings suggest that when çtudents move fkom an interest in Science to a 

commitrnent to Science, the intrimic value assigned to Science becomes relatively less 

important than utilitanan or practical considerations relating to the chosen major. The 
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shift in the relative importance of task values, across mident interests and commitments, 

is an area for M e r  reresearch- 

The present fhdings make a amber  of contributions to our understanding of 

epistemology. There is m e r  evidence ofthe independence of Schomrner's (1990; 

1994) consm~cts in that there is variation among beliefs withh and across the Science 

favorite and Science major groups. There is variation in terms of which beliefs 

distinguish betwem and/or predicf Science as a f i t e  subject and Science as a major. 

Further, this variation extends to differentiating between female and male students, in 

general, and between female students within the Science as favorite subject and Science 

major groups. Specifically, female -dents, in general, had a significantly iower 

endorsement of beliefs in Quick Leaming and k e d  abiiity, relative to male shidents, and 

female students with interests in, or a commitment to, a Science, relative to their female 

nonscience counterparts, had a stronger endorsement of fixed ability and simple 

knowledge, though stiil lower than those endorsements of male participants. 

An examination of the variability of epistemological beliefs suggests there rnay be 

a shift in the relative importance of these beliefs when considering midents' interests in, 

and their cornmitment to a major in, a Science. Although speculative, if one describes the 

movement fkom interest to commitment as persistence, then underlying this persistence is 

a shift in epistemological positions. Students may move fiom an position that highlights 

beliefs about learning to a position that highlights beliefs about knowledge, as they 

persist in Science. Lnterestuigly, in addition to this shift, îhere is an increase in the 
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çtrengths of these beliefs, suggesting at l e s t  initially, -dent episternology becomes 

increasingiy naïve as they commit themselves to a Science major. 

The initial trend to increasingly naïve epistemological beliefs was reflected in the 

gender differences fouod in the present study. Specincally, female stuclents who chose 

Science as a favorite andlor as a major bad significantly stronger beliefs in leaming (i.e., 

a fixeci ability to leam) and knowledge (i-e., knowledge is simple, isolated kcts) than did 

females who chose a subject other than Science as a favorite subject anaor a major. 

Female students di4 in general, however, have lower endorsements of Fixed Ability and 

Quick Leamhg in relation to their male counterparts. The trend towards increased 

naiveté in epistemology, particularly with respect to conceptions of knowledge, rnay 

reflect the epistemological adoption of the strongly empiricist approach to Science 

pedagogical practice and the encyclopedic presentation of Science knowledge evident at 

the early undergraduate levels of university (Bendixen, Dunkie & Schraw, 1994). 

The increase in the strength of nsve views of knowledge (e-g-, knowledge as a 

compendium of isoiated facts) is consistent with, and may reflect the adaptation to, the 

'separate' approach to knowing reported by fernale Science majors in the cment study 

(see Figure 3). The trend towards a 'separate' way of knowing and the changes in 

conceptions of knowledge, found in the present study, rnay reflect a more general process 

of aligning with the traditional demands of pedagogical practices in undergraduate 

Science courses; practices commoniy described as empiricist in nature (Cary & Smith, 

1993; Hammer, 1995). Although speculative, the implications of this alignment might 

range nom fostering female student interest in graduate training (where there may be 



greater consistency between epistemology and discipline pedagogical practice) to 

mitigating M e r  interest in, and commitment to, Science (if there is less a l i p e n t  

between epistemology and discipline pedagogical practices). 

One process of mitigation may be a disconcordance between the epistemological 

demands of Science (i.e., as reflected in ernpùicist pedagogical practice and implied 

'simple knowledge' conceptions of knowledge) and 'connected' approaches to knowing, 

which may be more consistent with viewing knowledge as constructed by or through 

individu& and bound b y contexts and perspectives. This posited disconcordance has 

been previously noted (Belew et al., 1986; 1997) but not in relation to a specifïc subject 

or to female persistence in Science. The present findings rnay suggest that, as a female 

student colIllILits to a major in Science, there are shifts in the strength and relative 

importance of epistemological beliefs, which may or may not generate cognitive conflic& 

as welI as a conflict arïsing fiorn the adoption of a 'separate' way of knowing in both her 

academic and persona1 lives. These changes in epistemology, and the nature of their 

impact on femde persistence in Science, are promising opportunities for further research. 

Delimitations and Limitations of the Current Studv 

There were a number of circumstances that aEected the findings in the present 

study. The following section discusses these circumstances in terms of research 

instruments and sample characteristics. 

Research Instruments 

Eccles' Scales. As previously noted in Chapter iII (see Table l), several of 

Eccles' scales in the present study had fair to good reliability (i.e., .71 to -86) and were 



thus consistent with the reliability values obtained by Eccles (Eccles, 1998, personal 

communication). However, several scales approached f c  reliability (i-e., -68) and one 

scale (ütility: Job) obtained low reliability (i-e., S8), and these values were lower than 

those reported by Eccles. The range in reliability values (-58 to -86) indicated a need for 

caution when interpreting findings involving the scales with low to fair reliability. 

In addition to the range in reliability values, several of Eccles' scales were 

composed of two items, Specifically : Utility: Courses, Self-Concept of Ability : Social 

Sciences, and SelfConcept of Ability: Advanced Due to their size, two-item scales may 

not provide accurate intemal reliability coefficients. Notwithstanding the preliminary 

nature of Eccles' scales, it is suggested that there is a need to further develop these scales. 

Schommer's E~istemologv Questionnaire. As noted in Chapter II, the literature 

discussing Schommer's (1990) Questionnaire indicates a range of statistical properties. 

For example, Schommer (1990) reported faV to good subscale reliabilities (Le., -68 to 

-85) while several authors (e.g., Jehng, 1993) noted a lower range of reliability values 

(e-g., .42 to S9). Further, a recent review of the personal epistemology literature (Hofer 

and Pintrich, 1997) noted difficulties with item referents (Le., a mix of first and third 

person referents across the scale). The results of the Cronbach alphas and Pearson 

correlations obtained in the current study appear to fall between those reported by 

Schommer (1 990) and Jehng (1 993). S peci fically, in the present study, one subscale 

obtained fair reliability (Simple Knowledge, r = .70), two subscales obtained low 

reliability (Quick Leaming, r =.63; Fïxed Ability, r =.64), and one scale had poor 

reliability (Certain Knowledge, r =.48). This range in reliability values necessitated a 



cautious interpretation of findings involving those scales with low to poor reliability 

values. Further, the range of values may have negatively affected the strength of the 

signifiant correlations found between Schommer's (1990; 1994) and Eccles' (Eccles et 

al., 1983; Eccles 1987) models and, thus, deflated the variance accomted for by (and the 

practical irnport of) the correlations. Given the findings in the fiterahire and the present 

study, it is suggested that Schommer's Questionnaire requires M e r  development (e-g., 

revision of subscale items, additional factor analyses). 

Sam~le Characteristics 

The present study drew participants from three sources: two samples of 

undergraduate students drawn from large post-secondary institutions in Western Canada, 

and a sample of Shad Valley graduates currently attending pst-secondary institutions 

across Canada The latter sample, consisting of participants who excelled in Math and 

Science, was selected to provide a good oppoiauùty to explore the research questions in 

the present study. The differences between the Shad Valley group and the remaining 

sample groups, in terms of GPA, was anticipatecl, given the natwe of the group. 

However, there were several unanticipated differences. The parents of the Shad Valley 

group tended to have kigher levels ofeducarion, and the Shad ValIey sample contained a 

majority of the Science majors and students with a Science as a favorite subject (76% and 

49%, respectively). In contrasf the university and college samples contained few Science 

majors (13% and 29%, respectively), and few students with a Science as a favorite 

subject (1 1% and 22%, respectively). 



The differences in GPA and parent educatim, though of no h o w n  direct 

influence on the variables in the present study, indicate that some caution is warranted 

when generalizing beyond the three sample groups in the current study. As well, the 

distribution of Science majors and students with Science as a favorite subject M e r  

necessitates the need for caution when generalizing beyond the current study. This 

uneven distribution is the resuit of the unexpectedy low numbers of students with 

interests and involvement in Science, in both the University and college participant 

groups. These groups were intended to represent pools of general undergraduate -dents 

with a variety of academic interests. Unfortunately, both pools of participants heId less 

than expected numbers of students with interests in Science. A review of the participants' 

academic years, progmms, and institutions, across the three samples, indicated a 

consistent mix of undergraduate year (generally first through third year of undergraduate 

studies), type of institution the student was atîending (e-g., college or wversity), and 

programs elected by students (e-g., Bachelor of Science, Bachelor of Arts, etc.). 

Directions for Further Research 

One area of M e r  research suggested by the present findings is additional scale 

development. The reliability values of Schomrner's ( 1990; 1994) Questionnaire obtained 

in the present study were consistent with the mived findings in the Literature (see Chapter 

II for details). In both instances, several subscales did not reach satisfactory reliability. 

This suggests M e r  work on Schornmer's (1990; 1994) Questionnaire is needed. Such 

work might include an item review (Le., fàce validity), addition of items, and a factor 

analysis of the questionnaire based on individual items rather than subsets of items. The 
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addition of items is also necessary for several ofEccles7 two-item scates (e-g., Utility: 

Courses, SeEConcept of Ability: Social Sciences). 

The present stuciy explored persistence in tems of student interests, defhed as 

favorite subject, and student cornmitment to a major. Exploring the connections between 

these elements, and betweer? these elements and student course seledon, another element 

of persistence, in a longitudinal study wouid provide a richer description of persistence in 

a discipline. 

An additional area of research suggested by the present findings is examining the 

shifîs in the relative importance of Eccles' (Eccles et al., 1983; Eccles, 1987) task values 

(i-e., Attainment and Utility Values), evident when examining sixdent interests and 

commitments to a discipline. Why do these shifts occur? What is their impact on 

persistence? How do these shifts relate to course selection? 

A second area of research relating to Eccles' mode1 is exptoring the differences in 

the roles Expectatïons of Success, and Attainment and Utility values, play in course 

selection, student interests, and student cornmitment to a major. These constnicts predict 

student course selection at the secondary levcl of education, do they predict course 

selection at the pst-secondas, level ofeducation? If they do, why do these constructs fail 

to predict academic interests and comnitments? 

There are several areas of M e r  research in epistemology that are suggested by 

the current findings. As previously noted, when contrastuig student interests in and 

shident commitments to a major, there are diflerences in the relative importance of 

various epistemological beliefs. How and why do these differences occur? What are the 
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salient epistemologicai beliefs when selectuig a course, and are these sunilm to those 

found for student interests in, and commimients to, a particular discipline? 

There were several gender-related differences in epistemology that warrant 

M e r  exploration. As previously noted, female midents had a lower endorsement of 

Fixed Ability and Quick Leamhg than their male counterparts. Does a lower 

endorsement of these beliefs by female students act in some manner to mitigate 

persistence in Science, as Science appean to foster higher levels of beliefs in h e d  

ability? Do female students experience difficulty in shifting the direction of their 

epistemological positions (i.e., to a more naïve conception of knowiedge and learning) 

and their approach to knowing (i-e., to a 'separate' way of knowing) in an effort to 

accommodate to the epistemoIogical demands of the pedagogical practices in Science? 

Does the additive impact of these changes in the epistemology of female students 

discourage their persistence in Science? 

Educational lm~iications 

There are a number of practical implications arising fiom the findings in the 

present study. As noted above, undergraduate female students interested in, or committed 

to a major in, Science experienced changes in their conceptions of knowledge and 

Iearning, and in their approaches to knowing. Ln con- their male counterparts did not 

alter their epistemological beliefs or approaches to knowing This gender-related pattern 

of epistemological change, and attendhg negative dissonance, represents a significant 

obstacle to pmuing an advanced education in the Sciences (Belenky et al., 1986; 1996; 

Hofer, 1994; Touchton et al., 1977). Ifwe are to minimize the need for, and the negative 



impact of, epistemological change in female students, and thus foster their persistence in 

Science, it may be helpful to revisit pedagogical practice, in general, and in the 

undergraduate Science classroom. 

A number of initiatives to change undergraduate pedagogical practice, across 

disciplines, have been drawn fiom Belenky et d.'s (1986) Women's Ways of Knowing 

(WWK). The authors of the WWK model of epistemology, and subsequent researchers, 

have explored its application in the areas of pst-secondary and adult education (e.g., 

Clinchy, 1990; Clinchy, 1995; Carfagna, 1995; Enns, 1993; Lyons, 1990) in an effort to 

improve female participation in advanced education They have reconsidered traditional 

curriculum and pedagogical practice as they developed and established Women's Studies 

prograras in the US. (Carfagna, 1995; Musil, 1992). In addition, educators have drawn 

on the model and its ideas (e-g., 'connected' knowing, collaborative leaming, and teacher 

as 'midwife') to promote greater understanding (Le., lcnowledge of, and the personal 

relevance of, subject maiter) in various disciplines ( eg ,  Clinchy, 1995; TrurnbaIl & Kerr, 

1993). 

The findings in the present study suggest that, when administrators and instnicton 

attempt to promote greater understanding in a discipline, particularly in Science, by 

employing a pedagogy based on the WWK model, their efforts would benefit fiom 

expanding the focus on connected pedagogy (e-g., coliaborative learning) to include 

addressing conceptions ofhowledge and leaming. lncluding these conceptions, and their 

rote in Science7 will better prepare female students for the changes in these beliefs (and 



attendïng dissonance) that occur as they commit to and pursue an advanced education in a 

Science. 

With respect to Science pedagogy, there is an effort to move away fiom 

traditional pedagogical practice (and its implicit empiricist epistemology), and to adopt a 

'constructivist' approach to Science (Carey & Smith, 1993; Edmonson & Novak, 1993; 

Nadeau & Desautels, 1984). The present M n g s  suggest that female students, in 

particdar, wodd bene& fiom this general change in Science pedagogy. Specificdy, the 

central, active role of self in both 'constnictivist' pedagogy and connected knowuig (e.g., 

the personal construction, and thus increased relevance, of Science knowledge) may 

preempt the female students' need to accommodate a 'separate' approach to knowing, 

thus removing a source of dissonance that eequentiy mitigates persisteme in a discipline 

(Belenky et al., 1986; Tobin, Tippins, & Hook, 1995). 

In the present study, differences in epistemology were evident in first and second 

year undergraduate snidents. This suggests that any initiatives to address the gender 

differences in epistemology, as  well as those relaîing to self-concept of ability, need to 

begin prior to entering a pst-secondary institution (Schommer, 1993; Porath, 1996). One 

way of addressing these gender differences is to expand on the specialized high school 

counselling recommended by Masson and Homby (1986). These authors have suggested 

that young female students need specialized approaches to career wunselling, to make 

them aware of barriers (e.g., socialization, fernale education, and discrimination). The 

present findings suggest that, as part of the counseling on the barriers created by 

socidization and education, there needs to be counseling regarding the roles 



epistemology and epistemological dissonance play in their pursuit of an advanced 

education, pamlcularly in the neid of Science. 

Surnmary and Conclusions 

The current study explored factors underlying a we1Idocumented and persistent 

tendency of female students to not pursue advanced courses and or carers in a Science, 

though they are as capable as male -dents in these disciphes. This question of 

persistence in Science was explored by defining two elements of persistence (Le., student 

interests in Science and student cornmitment to a Science major) and examhing, in 

relation to these elements, the retatiomhips among Eccles' (Eccles et al., 1983; Eccles 

1987) Mode1 of Achievement Motivation, epistemological beliefs, and approaches to 

knowing. 

The current study provides initial evidence of the applicability of Eccles' (Eccles 

et al., 1983; Eccles, 1987; 1994) mode1 at the post-secondary level, a tirne of important 

decisions regarding careers in Math and Science. As well, the present findings suggest 

that beliefs about knowledge and leaming (i-e., epistemological commitrnents) are 

directly associated with elements of persistence (e-g., committing to a major in a 

Science). In addition, there is a set of changes in epistemology experienced by female 

students and not by their male counterparts. The impact of these changes on female 

persistence in Science is an area needing fuaher research. 

In conclusion, female persistence in Science appears to be characterized by, in 

part, a dynamic set of relations involving constructs related to achiwement motivation 

and epistemology. Fuither, the gender differences throughouî this set of relationships 
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indicate the gender-related pattern of persistence in Math and Science is a complex 

phenornenon, one reguinng M e r  stuciy. 
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APPENDIX A 

A l Eccles' College Questionnaire 

1. Are you in University? 
Yes, part time 
Yes, fûll time 

2. Please estimate your parents' uicome level. Ifboth parents work, combine their 
income. 

less than $25,000 a year 
25,001 - 50,000 a year 
50,001 - lOOYO00 a year 
more than 100,000 a year 

3. Please indicate your parents' level of education. 

Father Zess than high school Mother less than high school 
hi& school high school 
training in a trade training in a -de 
undergraduate degree undergraduate degree 
graduate degree graduate degree 

4. Do you plan to get a Bachelor's degree? 
Yes No 

if yes, when do you expect to get ir? Semester: year: 

5 .  People have different reasons for wanting to go to University. We would like to 
know why you want to go to university. 

Please use the following scaie for the next set of questions. 
(WRLTE A NUMBER ON TElE LINE FOR EACH ITEM) 

Strongly disagree Strongly disagree 
1 2 3 4 5 6 7 

L want to go to university because: 
1 might as well since there are no jobs available 
My fiiends want me to go to university 

- 1 will be able to get a better job then if I didn't go to university 
1 will be able to get a ceRain kind of job that I c m  get only if 1 go to lmiversity - -- 

I will be able to meet a spow/romantic partner - 

- My parent($ want me to go to university 



I like being a student and learning new things 
1 can get a higher paying job 
Most of my high school ftiends went to university 
My romantic partner wants me to go to University 
My fiends are in University 

6.  What is your current Grade Point Average? 

7. What are your 2 favourite school subjects? and 

8. What are your 2 le& favourite subjects? and 

A. YOUR MAJOR 

9. Have you decided on a University major? 

Yes No (If no, SKIP TO QUESTION 17) 

10. What is your university major? (If double, list both) 

II. How much do you like taking courses in your major? (CIRCLE ONE) 

Not at al1 A lot 
1 2 3 4 5 6 7 

12. For me, being good at the course work for my major is 

Not at dl important 
1 2 3 4 

Very important 
5 6 7 

13. How useful do you think your major is for the job you want to have in the future? 

Not at ail usefiil Very useful 
1 2 3 4 5 6 7 

14. How good are you at the classes in your major? 

Not at al1 good 
1 2 3 4 5 

Very good 
7 



15. Compared to most of your other courses, how good are you at courses in your major? 

Much worse Much better 

PLEASE USE TEE FOLLOWING SCALE TQ ANSWER THE NEXT SET OF 
QUESTIONS. 

Strongly disagree S trongly agree 
1 2 3 4 5 6 7 

16. Why did you pick your current major? I picked my current major because ... . 

1 think 1 c m  make a lot of money in this area 
The kind ofjobs 1 can get in this area will allow me to be at home with my kids 
when 1 need to be 

- This is my area of interest 
1 am good at th is area 
Someone suggested this major to me. 
It is an easy major 
It is practical (I will gain skïlls that will help me get a job) 
1 like the kinds of jobs I cm get with this major 
People who are important to me have majored in this area 
It is easier for people of my sex to get jobs in this area 
1 had a great class in t h i s  subject 
A professor encouraged me to go into this field 
It will altow me to continue into graduate or professional schools 

17. Please liçt ALL majors you have considered. 

18. Do you have a favolrrite major? 

No- Yes . 

Ifves, what is it? 

19. Are you happy with your major? 

Please explain why: 



20. Rate how weli you think you would do in each of the following university courses or 
programs 
(PLEASE WRITE A NUMBER ON THE LiNE FOR EACH ITEM) 

1 would not do 1 would do 
well at aU Average 
1 2 3 4 5 

1 would do 
very well 

6 7 

Taking physical science or engineering courses 
Taking life science or engineering courses 
Taking literature or history or other humanities courses 
Taking psychology, sociology or other social science courses 
Taking math courses 
In a master's degree program in the field you select for your major 
In a rnaster's degree program in the physical sciences or engineering 
In a rnaster's degree program in social sciences, social work, education, or similar 
Pro- 
In a master's degree program in business 
In a PhD program in the field you select for your major 
In medical school 

- In law school 

2 1. How much university training would you Iike to get? 
(CHECK ALL THAT APPLY) 

A bachelor's degree In what field? 
A master's degree In what field? 
An advanced degree What degree (e-g., Ph-D., law degree, an MD, etc.)? 

in what field? 

22. How likely do you think it is that you will get a bachelor's degree (CIRCLE ONE ) 

Not at d l  Likely Very likely 
1 2 3 4 5 6 7 

23. How likely do you think it is that you will attend graduate school? 

Not at ali likely Very likely 
I 2 3 4 5 6 7 



24. How likely do you thùik it is that you witl get to eam the highest degree you wodd 
like to get? 

Not at al1 likely Very likely 
i 2 3 4 5 6 7 

25- FOR TEE NEXT SET OF QUESTIONS, USE TEE FOLLO'WING SCALE: 
(PLEASE W'IW'E A NUMBER ON THE LINE FOR EACH ITEM) 

Not at all tme Very me 
Z 2 3 4 5 6 7 

1 feel my courses are meanin@ and important 
My courses have influenced my career choice 
Because of my school work, 1 see my spouse/rornantic partner less often 
Because of my school work, I see my other niends less often than I used to 
I admire my professors 
Facdty at my university helped make the transition to university pleasant for me 
University staff helped make the transition to university pleasant for me 
m e r  students helped make the transition to university pleasant for me 
1 have found it hard to make fkiends at university 

26. How effective do you think you are in your university courses? (CRCLE ONE) 

Not at al1 Very 
Effective effective 
1 2 3 4 5 6 7 

27. How effective do you think you are in your personal life at university? 

Not at al1 V ~ W  
effective effective 
Z 2 3 4 5 6 7 

28. How satisfied are you with the courses you have taken so far in University? 

Not at all 
sabsfied 
I 

Very satisfied 

7 



29. Do you feel like you have adjusted to University Iife? 

Not at dI 
well 
1 2 3 

Very well 

7 

30. Did you find going to univeni ty..... 

Not at all Very stressfül 
stress fiil 
1 2 3 4 5 6 7 

B. UNIVERSITY AND FUTURE WORK 

3 1. Are there any careers that you have ruled out because you do not like the math, 
physics, or chemistry classes that you would have to take? 

Yes No 

Ifyes, what are the careers you have d e d  out? 

32. How much time have you spent thinking about what kinds of things you need to do 
while in University in order to get the job you want to have when you are 40? 
(CIRCLE ONE) 

No time A Iot 
At dl of time 
1 2 3 4 5 6 7 

33. Have your Future job plans affected the kinds of courses you are taking at university? 

Yes, a lot Yes, a littie No (if go to the next question) 

If  yes, in what ways? (PLEASE LIST) 

34. How helpfut do you think the courses you have taken so far in university will be for 
the kind of job you want d e r  you finish University? 

Not at al1 Very helpful 
heipfid 
1 2 3 4 5 6 7 



35. How useful do you think the courses you have taken so far in University will be for 
your Me d e r  you Gnish university? 

Not at al1 Very useful 
usefd 
1 2 3 4 5 6 7 

36. Wbat is your work situation this summer? (CHECK ALL TKAT APPLY) 
- Employed by others; part-the 

Ernployed by others; full-time 
Self-employed owner of own business or service, or professional practice 

36. (CONT'D) What is your work situation this summer? (CHECK ALL THAT APPLY) 

Tem~orarilv laid off 
- Unempioyed but looking for work 

Unemployed but NOT looking for work 
Working but not for pay 

IF YOU ARF, NOT CURlRENTLY WO-G FOR PAY, GO TO QUESTION3 

37. How many hours per week do you work? hours per week 

3 8. Do you think of this job as ..... (CHECK ONLY ONE) 
A long-term job 
as a step in your career 
a short-term job (a way to make money while you are at university) 

39. Currently, what do you do in your job? (Please be specific, for example, if you are a 
secretary, also indicate the type of business; if you are in retail, indicate what you 
sell; if you work in child care, indicate the age group of the children you are 
responsible for, etc.) 

40. How satisfied are you with your curent employment? (CIRCLE ONE) 

Not at all 
saîisfied 
1 2 

Very satisfied 

7 



41. FOR THE NEXT SET OF QUESTIONS, USE THE FOLLOWING SCALE: 
(PLEASE WR.IïE A NUMBEX ON THE LINE FOR EACH KEM) 

Never Dai1 y 
1 2 3 4 5 6 7 

1 feel that my work is important and meaningful 
1 leam things that will be useful to me later in life 
What I iearn in school helps me do better on my job 
Because of my job, 1 have less time to do class assignments and school work 
1 thin. about my job during class, so 1 miss what my professors are saying 
My job has influenced my career choice 
Being both a worker and a student is stressful 
Because of my job, I see rny spouse/romantic partuer less ofien than 1 used to 
Because of my job, 1 see my other firiends less often than 1 used to 
1 admire my work s u p e ~ s o r  

42. How effective do you think you are in your job? 

Not at aU Very effective 
effective 
1 2 3 4 5 6 7 

FOR THE NEXT SET OF QUESTIONS, PLEASE THINK ABOUT THE JOB 
YOU WORKED AT MOST DURPNG TEE LAST SCHWL YEAR 

43. Did you have a job during the last school year? 

Yes NO (If no, go to question 46) 

44. How many hourç per week did you work at thaî job? hours per week 

45. Didyouthinkofthatjob as ...... (CHECKONLY ONE) 
- A long-term job a short-terni job (a way to make money while in university) 
- As a step in your career 

46. What did you do in this job? (Please be specific, for example, if you are a 
secretary, dso indicate the type of business; if you are in retail, indicate what you 
sell; if you work in child care, indicate the age group of the children you are 
responsible for, etc.) 



47. FOR THE NEXT SET OF QUESTIONS, USE THE FOLLOWING SCALE: 
(PLEASE WRITE A IWMBER ON THE LINE FOR EACH ITEM) 

Never Dai1 y 
1 2 3 4 5 6 7 

I feel that rny work is impurtant and meaningFul 
I l e m  things that will be useful to me later in life 
What I leam in school helps me do better on m y  job 
Because of my job, 1 have las time to do cIass assignments and school work 
I think about my job during class, so I miss what my professors are saying 
My job has influenced my career choice 
Being both a worker and a student is stressN 
Because of my job, 1 see my spouse/romdc partner less ofien than I used to 
Because of my job, 1 see rny other friends less ofien than I used to 
I admire my work supervisor 
1 feel harassed at my job because of my sex 

48. How satisfied were you with that job? (CIRCLE ONE) 

Not at ail 
satisfied 
1 2 3 4 5 

49. How effective did you thhk you were in that job? 

Not at dl 
effective 
1 2 3 4 

50. Do you plan to work during the next school year? 
Yes No 

Very satisfied 

6 7 

Very effective 

If Yes, how many hours a week do you p h  to work? hours per 
week 



Studv of Life Transitions: Sumlement 

1. Are you a Male Fernale 

2. What is your date of birth? Month Day Year 

3. What is the highest level of forma1 education completed by your father? 
Your Mother? Your Part-ner? 

Father Mother Partner 
Some High school I 2 3 

Completed hi& school I 2 3 

Some college/CEGEPhstiMe of Tech 1 2 3 

Completed University degree in General Arts or Science 1 2 3 

Don't know 

4. What is your partner's occupation, and what are (were) your father's and 
mother's principal occapatioos? (Mark one in each column) 

Father Mother Partner 
College or university teaching, research, or administration 1 2 3 
Elementary or secondary school teaching or administration 1 2 3 
Business owner I 2 3 
Other managerial or administrative 1 2 3 
Technical and semi-pro fessional 1 3 3 
m e r  white collar, clerical, retad sales 1 2 3 
Skilled wage worker 1 2 3 
Semi- and unskilled wage worker, fann laborer 1 2 3 
Armed forces 1 2 3 
Home rnaker 1 2 3 
Other (Please specify) - - - 



A-3 Schommer's Epistemology Scale 

Directions: There are no right or wrong answers for the following questions. We want 
to know what YOU reaily believe. For each statement cucle the degree to 
which you agree or disagree. 

Ifyou are ever going to be able to undentand somethùig, it wiU make sense to 
you the fini time you hear it. 

Strongly Disagree Strongiy Agree 
1 2 3 4 5 

The ody thing that is certain is uucertainty itself. 

Strongly Disagree Strongly Agree 
I 2 3 4 5 

A course in study skills would probably be valuable. 

Strongiy Disagree Strongly Agree 
1 2 3 4 5 

The ability to l e m  is innatte. 

Strongly Disagree Strongly Agree 
1 2 3 4 5 

It is annoying to listen to a lecturer who cannot seem to make up his mind as to 
what he really believes. 

Strongly Disagree Strongly Agree 
1 2 3 4 5 

Successfd students understand things quickly. 

Strongly Disagree Strongiy Agree 
L 2 3 4 5 

A g w d  teacher's job is to keep his students fiom wandering fiom the nght track. 

Strongly Disagree Strongly Agree 
1 2 3 4 5 



08. If scientists try hard enough, they c m  h d  the truth to almost anything- 

Strongly Disagree 
I 2 3 

Strongly Agree 
4 5 

09. 1 try my best to combine information across chapters or even across classes. 

Strongly Disagree Strongly Agree 
f 2 3 4 5 

10. The most successful people have discovered how to improve theù ability to leam. 

Strongly Disagree Strongiy Agree 
1 2 3 4 5 

1 1. Things are simpler than most professors would have you believe. 

Strongly Disagree Strongly Agree 
f 2 3 4 5 

12. The most important aspect of scientific work is precise measment and carefûl 
work. 

Strongly Disagree Strongl y Agree 

13. To me, studying means getting the big ideas nom the te* rather than details. 

Strongly Disagree Strongly Agree 

14. Educators should lmow by now *ch is the best method, lectures or small group 
discussions- 

Strongly Disagree 

1 

Strongly Agree 

5 



15. Going over and over a difncult textbook chapter usually won't help you 
understand it 

Strongly Disagree 

1 2 3 

Strongiy Agree 

5 

16. Scientists can ultimately get to the truth. 

S trongly Disagree Strongly Agree 

1 2 3 4 5 

17. You never Imow what a book means unless you h o w  the intent of the author. 

Strongly Disagree Strongly Agree 

1 2 3 4 5 

i 8. The m&t imporîmt part of scientific work is orpinal thinking. 

S trongly Disagree Strongly Agree 

1 2 3 4 5 

19. If 1 find the time to re-read a textbook chapter, 1 get a lot more out of it the second 
time. 

Strongly Disagree Strongly Agree 

1 2 3 4 5 

20. Students have a lot of control over how much they can get out of a textbook. 

Strongly Disagree 

1 2 3 

21. Genius is 10% abilifl and 90% hard work. 

Stroagly Disagree 

1 

Strongly Agree 

5 

Strongly Agree 

4 5 



I find it refieshing to think about issues that authorities can't agree o n  

Strongly Disagree Strongly Agree 

1 2 3 5 

Everyone needs to leam how to Iearn. 

Strongly Disagree Strongly Agree 

1 2 3 4 5 

A sentence has little meaning unless you know the situation in which it is spoken. 

Strongly Disagree Strongly Agree 

1 2 3 4 5 

Being a good &dent generally involves memorizing facts. 

Strongly Disagree Strongly Agree 

1 2 3 4 5 

Wisdom is not knowing the answers, but knowing how to find the answen. 

Strongly Disagree Strongly Agree 

1 2 3 5 

Most words have one clear rneaning. 

Strongly Disagree 

1 

Truth is unchanging. 

S trongly Disagree 

1 

Strongly Agree 

Strongly Agree 

5 



29. If a person forgot details, and yet was able to corne up with new ideas from a te* 
1 would thùik they were bright 

Strongly Disagree 

1 2 3 

Strongly Agree 

4 5 

30. Leaming definitions word-for-word is ofien necessary to do well on tests. 

Strongly Disagree 

3 1. When 1 study, 1 Look for the specific facts. 

Strongly Disagree Sîrongly Agree 

3 4 5 

32. Ifa person can't understand sornething within a short amount of tirne, they should 
keep on trying. 

Strongly Disagree Strongly Agree 

1 - 3 3 4 5 

33. I f  professors would stick more to the fxts and do less theorizing, one could get 
more out of college. 

Strongly Disagtee 

1 2 3 

34. 1 don't like movies that don? have an ending. 

Strongly Disagree 

1 2 3 

S trongl y Agree 

S trongly Agree 

4 5 



35. Getting ahead takes a lot of work 

Strongly Disagree 

t 2 

Strongly Agree 

3 4 5 

36. It's a waste of t h e  to work on problems which have no possibiIity of corning out 
with a clear-cut and mambiguous answer. 

Strongly Disagree Strongly Agree 

I 2 3 4 5 

37. Some people aren boni good leamers, othen are just stuck with lirnited ability. 

Strongly Disagree Strongly Agree 

Z 5 

38. Nothing is certain but death and taxes. 

Strongly Disagree Strongly Agree 

3 4 5 

39. The reaily smart students don't have to work hard to do welI *in school. 

Strongly Disagree Strongly Agree 

1 2 3 4 5 

40. Working hard on a difficult problem for an extended period of t h e  ody pays off 
for really smart -dents. 

Strongly Disagree 

1 

Strongly Agree 

5 



41. If a person tnes too hard to understand a problem, they will most likely just end 
up beuig confkd, 

Strongly Disagree Strongly Agree 

1 2 3 4 5 

42. Almost al1 the information you can leam from a textbook you will get dunng the 
first reading. 

Strongly Disagree Strongly Agree 

1 2 3 4 5 

43. Usualiy you can figure out difficult concepts if you elirninate al1 outside 
distractions and r d l y  concentrate. 

Strongly Disagree 

1 2 

Strongly Agree 

3 4 5 

44. A really good way to understand a textbook is to re-organize the information 
according to your own persona1 scheme. 

Strongly Disagree Strongly Agree 

1 2 3 4 5 

45. Student who are 'average' in school will remain 'average' for the rest of their 
lives. 

Strongly Disagree 

46. A tidy mind is an empty mind. 

Strongly Disagree 

Strongly Agree 

5 

Suongly Agree 

4 5 



47. An expert is someone who has a special gift in some area 

Strongly Disagree Strongly Agree 

1 2 3 4 5 

48. I really appreciaîe instnrcton who organize their lectures meticulously and then 
stick to their plan 

Strongly Disagree Sîrongly Agree 

1 2 3 4 5 

49. The best thing about science courses is that most problems have only one rïght 
answer. 

Strongly Disagree Strongly Agree 

1 2 3 4 5 

50. Leaming is a slow process of building up knowledge. 

Strongly Disagree Strongly Agree 

1 2 3 4 5 

5 1. Today's facts may be tomorrow's fiction. 

Strongly Disagree 

1 2 3 

Strongly Agree 

5 

52. Self-help books are not much help. 

Strongiy Disagree Strongly Agree 

1 2 3 4 5 

53. You will just get confûsed if you try to integrate new ideas in a textbook with 
knowledge you already have about a topic. 

Strongiy Disagree Strongly Agree 



A 4  Schommer's Epistemology Scale (Revised) 

Directions: There are no right or wrong answen for the following questions. We want 
To know what you really believe. For each statement circle the degree to 
which you agree or disagree. 

If 1 am ever going to be able to undentand something, it will make sense to me 
The first t h e  1 hear it, 

Strongly Disagree Strongly Agree 
1 2 3 4 5 

I believe that the only thing that is ce& is uncertain@ itself. 

Strongly Disagree 
1 2 3 

Strongly Agree 
4 5 

I believe that a course in study skills would probably be valuable. 

Strongly Disagree Strongly Agree 
I 2 3 4 5 

I believe that the ability to learn is innate 

Strongly Disagree Strongly Agree 
1 2 3 4 5 

I find it amoying to listen to a lecturer who cannot seem to make up her/his mind 
as to what dhe reaily believes- 

Strongly Disagree Strongly Agree 
t 2 3 4 5 

1 believe that 1 am beinga successful student when 1 understand things quickly. 

Strongly Disagree Strongly Agree 
I 2 3 4 5 



07. 1 believe a good teacher's job is to keep me focused on leaming the lmowledge in 
textbooks. 

Strongly Disagree Strongly Agree 
1 2 3 4 5 

08. 1 try my best to combine information across te= and even across classes. 

Strongly Disagree S trongly Agee 
1 2 3 4 5 

09. For me, part of king a successful student involves improving my ability to leam. 

Strongly Disagree Strongly Agree 
1 2 3 4 5 

10. I believe things are shpler tban most professors would have you believe. 

Strongly Disagree 
1 2 3 

Strongly Agree 
4 5 

11. 1 believe the most important aspect of scientific work is precise measurement and 
careful work, 

Strongly Disagree S trongly Agree 
1 2 3 4 5 

12. To me, stub/ng means getting the big ideas fiom the text, rather than details. 

Strongly Disagree Strongly Agree 

13. I believe educators should know by now which is the best method, lectures or 
small group discussions. 

Strongly Disagree Strongly Agree 



14. I believe that going over and over a difncult textbook chapter usually won't help 
you understand it 

Strongly Disagree Strongly Agree 

1 2 3 5 

15- I believe scientists can ultimately get to the truth. 

Strongly Disagree Strongly Agee 

1 2 3 4 5 

16. To understand wtiat a book means, 1 need to know the intent of the author. 

Strongly Disagree Strongly Agree 

1 2 3 4 5 

17. I believe the most important part of scientific work is original thinking. 

Strongly Disagree Seongly Agree 

1 2 3 4 5 

18. If 1 take the time to re-read a textbook chapter, 1 get a lot more out of it the second 
the .  

Strongly Disagree Strongly Agree 

I 2 3 4 5 

19- 1 think I have a lot of control over how much I can get out of a textbook 

Strongly Disagree Strongly Agree 

1 2 3 4 5 

20. 1 believe geNus is 10% ability and 90% hard work. 

S~ongly Disagree Strongly Agree 

I 2 3 4 5 



1 h d  it challenging to thhk about issues that authorities can't agree on. 

Strongly Diçagree Strongly Agree 

1 2 3 4 5 

1 believe everyone needs to leam how to learn. 

Strongly Disagree Strongiy Agree 

1 2 3 4 5 

I believe a sentence has little meaning unless I know the context in which it is 
presented . 

Strungi y Disagree Strongly Agree 

1 2 3 4 5 

For me, beuig a good student generally involves mernorizkg facîs. 

Strongly Disagree Strongly Agree 

1 2 3 4 5 

1 believe wisdom is not so much howing the answers, but knowing how to find 
the answers- 

Strongly Disagree Strongly Agree 

L 2 3 4 5 

1 believe most words have one clear mestning. 

Strongiy Disagree 

1 2 3 

1 believe truih is unchanging. 

Strongly Disagree 

I 2 

Strongly Agree 

Strongly Agree 

4 5 



28. Ka persun typicdly forgot details, and yet was able to corne up with new ideas 
nom a te* 1 wodd think they were bright- 

Strongly Disagree Strongly Agree 

1 2 3 4 5 

29. I beiieve learning definitions word-for-word is often necessary to do well on tests. 

Strongfy Disagree Strongly Agree 

1 2 3 4 5 

30. When 1 study, I look for the specific facts. 

Strongly Disagree Strongly Agree 

1 2 3 4 5 

3 1. If 1 can't understand something within a short arnount of tirne, 1 believe 1 should 
keep on trying- 

Strongly Disagree Strongly Agree 

I 2 3 4 5 

32. I think that if professon wodd stick more to the facts and do less theorizing, 1 
could get more out of college (or university). 

Strongly Disagree Strongly Agree 

1 2 3 4 5 

33- 1 don't like movies that end in uncertainty. 

Strongly Disagree 

1 2 3 

Strongly Agree 

4 5 



34. I believe getting ahead takes a lot of work 

Strongly Disagree Strongly Agree 

35. 1 believe it's a waste of time to work on problerns which cannot yield a clear-cut 
and unambiguous answer. 

Strongly Disagree Strongly Agree 

1 2 3 4 5 
36. I believe some people are bom good leames, others are just stuck with limited 

ability. 

Strongly Disagree Strongly Agree 

37. 1 believe nothing is certain, except death and taxes. 

Strongly Disagree Strongly Agree 

38. 1 believe being really smart means not having to work hard tu do well in school. 

Strongly Disagree S trongiy Agree 

39. 1 believe that working hard on a difficdt problem for an extended period of time 
only pays off for really smart students. 

Strongly Disagree Strongly Agree 



40. 1 think almost aU the information 1 can leam fkom a textbook I will get during the 
nrst reading- 

Strongly Disagree Strongiy Agree 

41. For me, a really good way to understand a textbook is to re-organize the 
information according to my own persona1 scheme (or outline). 

Strongly Disagree Strongly Agree 

42. 1 believe hidents who are "average" in school will remain "averagey' for the rest 
of their lives. 

Strongly Disagree Strongl y Agree 

43. 1 believe a tidy mind is an empty mind 

Strongly Disagree Strongly Agree 

44. 1 believe an expert is someone who has a special gi f t  in some area 

Strongly Disagree Strongly Agree 

45. I reaiiy appreciate instructors who organize their lectures meticulously and then 
stick to their plan. 

Strongly Disagree Strongly Agree 
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1 believe the best thing about science courses is that most problems have only one 
right answer- 

Strongly Disagree Strongly Agree 

1 2 3 4 5 

1 believe leamhg is a slow process of building up loiowledge. 

Strongly Disagree Strongly Agree 

1 2 3 4 5 

1 believe today's facts rnay be tomorrow's fiction. 

Strongly Agree 

4 5 

Strongly Disagree 

1 2 3 

I believe self-help books c m  not be much help. 

Strongly Disagree 

1 believe I will just get confused if 1 try to ir 
knowledge 1 already have about a topic. 

Strongly Disagree 

Strongly Agree 

4 5 

te new ideas in a textbook 

Strongly Agree 

4 5 



APPENDIX A 

AS. Interview Questions 

Interview Script 

There are many differing views on the nature of science and scientific knowledge. I 
would like your views on the following four statements: 

1 (cc). Scientific knowledge is a changing and evolving body of concepts and theories 

Prompts: Can you expand on your answer for me?. 
Cm you give me an example of what you mean? 
Can you give me a view of scientific knowledge that you think is 
wrong? 

2 (tr). Scientific method will eventuaily let people leam the real tmth about the natural 
world and how it works. 

Prompts: Can you expand on your answer for me? 
Cm you give me an example of what you mean? 
Can you give me a view that you îhïnk is wrong? 

3 (cc). Theories and models are products of the human mind and may or may not 
accurately represent reality. 

Prompts: Cm you expand on your answer for me? 
Can you give me an example of wbat you mean? 
Can you give me a view that you think is wrong? 

4 (tr). The ultimate goal of Science is to gather al1 the facts about nahiral phenornena 

Prompts: Can you expand on your m e r  for me? 
Can you give me an example of what you mean? 
Can you give me a view that you think is wrong? 

5 (WOK). "As soon as someone tells me about their point of view, I immediately start 
arguing in my head the opposite point of view. When sorneone is saying 
something, I can't help turning it upside d o m "  

Tell me what you think about this: is it true for you? In academic settings? In 
personal settings? Can you think of an opposite or opposing approach in 
academic settings? Ln personal settings? 



APPENDIX 3 

B. I Invitational Letter 

1 am a graduate student in the Department of Educational Psychology at the 

University of Calgary, conducting research under the supervision of Dr. Judy Lupart, as 

part of the requirements towards a PhD degree. 1 am d t i n g  to provide information 

regarding my study, ''Personal Epistemology and Achievernent-related Choices," so that 

you c m  rnake an idbrrned decision regarding your participation. 

My study is part of the Lupart, Boberg and Smyth research programme 

examinhg personal, social, and achievement-related influences on individuals' 

involvement in the sciences. The purpose of my study is to explore the relationships 

between an individual's beliefs about knowledge and leaming (Le., personal 

epistemology) and their choice of University major. As part of the study, you will be 

asked to spend approximately 30 minutes completing a questionnaire composed of items 

surveying both your beliefs about knowledge and leaming and several values relaîing to 

your chosen major or preferred disciplines. 

Confidentiality and anonymity will be safe-guarded at all &es. The 

questionnaires will be coded, and any information which may identie an individuai 

respondent will not be shared with any other individuals prïor to or following data 

collection. Ody group results wiii be reported in any published studies. Consent forms 

and questionnaires will be stored in a locked fling cabinet at the University of Calgary 

and destroyed two years after completion of the shiciy. 



15 1 

Two copies of the consent form have been provided. Please return one signed 

copy with the questionnaire and retain the other copy for your records. You should be 

aware that even if you give your permission you are fiee to withdraw fiom the midy at 

any tirne. 

Kyou have any questions, please feel eee to contact me at (403) 289-1814 

(mess.), my s u p e ~ s o r  Dr. Judy Lupart at 220-6280, the Office of the Chair, Faculty of 

Education Joint Eihics Review Cornmittee at 220-5626, or the Office of the Vice- 

President (Research) at 220-33 8 1. 

Thank you for your time and cooperation 

S incerely, 
Michael Eman 



APPENDIX B 

B.2 Participant Consent Fom 

1, the undersigned, hereby give my consent to participate in a research study 

explorhg personal, social, and achievement-related influences on individuais' 

involvement in the sciences. Specifically, the reiationships between beliefs about 

knowledge and leaming and chosen (or preferred) major. This sîudy is part of a 3 year 

research program fimded jointly by the Social Sciences and Humanities Research Council 

of Canada and Northem Telecom, under the auspices of a Science and Cdture Canada 

joint initiative. 

I understand that such consent (indicated by rnarkuig the blanks below) means 

participating in the study. 

A Questionnaire set, completed in approlo'mately 30 minutes, surveying personal 

epistemology (Le., beliefs about knowtedge and teaming) and the subjective 

values assigned to a respondent's selected or preferred major. 

1 understand that participation in this study may be teminateci at any time by my 

request or at the request of the investigator. Participation in this study andior withdrawal 

form this study witl not adversely affect me in any way. 

1 understand that rny responses will be kept confidentid and only group data will 

be reported in any published reports. Once collected, responses will be kept in strictest 

confidence in a locked file cabinet at the University of Calgary. 

I have received a copy of this consent form for my records. I understand that if I 

have any questions 1 can contact the researcher, Michael Enman at (403) 289-1 8 14, his 
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supervisor, Dr. Judy Lupart at (403) 220-6280 or (403) 282-9244 (fax), the Office of the 

Chair, Facdty of Education Joint Ethics Review Cornmittee at (403) 220-5626, or the 

Office of the Vice-President (Research) at (403) 220-3 3 8 2.  

Date Signature 

Participant's Printed Narne 



Definiticas of Separate and Connected Ways of Knowing 

The following definitions were drawn fiom Belenky, Clïnchy, Goldberger, and Tarde 
(1986), and Goldberger, Tanile, Clinchy, and Belenky (1996). 

Separate Way of Knowing 

Separating oneself nom an object through critical thinking and applying rules of 

exclusion to defend one's point ofview and to eliminate other possibilities. The fom of 

'separate' knowing is argument and debate (versus m t i v e ) ,  and it starts fiom a 

'doubting' position. The knower takes an independent, autonornous stance towards 

knowledge and knowing and he/she challenges the other's knowledge and perspective by 

asking 'is it right?' rather than 'what does it mean?' Examples of this approach include 

critical thinking and the Scientific Method- 

Comected Wav of kmwing 

Connectuig oneself to the object by seeing self-der similarities, developing connections 

to many objects and points of view, and incorporating these into ones own knowing and 

knowledge. The form of 'comected' knowing is narrative (versus argument and debate), 

and it starts fiom a 'believing' position. The knower takes an empathetic, non- 

judgemental stance towards knowledge and knowing. A stance incorporating feelings, 

beliefs, convictions, and values. The individual asks 'what does it mean' rather thm 'is it 

right.' The self is centraily involved in being able to think and know. Examples of this 

fom of knowing include narrative thinking (drawuig upon personal experiences and 



Sample Characte~stics by Group 

Shad Valley University College Sample Total 
N=41 N =  55 N=S4  N = 148 

A B  '22.4 (20-26) 19.4 (18-22) 21 .O (1 8-35) 20.8 (1 8-35)* 

Gender Female 57 (65%) 27 (50%) 37 (58%) 89 (59%)* 

Male 14 (35%) 27 (50%) 19 (42%) 62 (4 1%)* 

3 Subject Science 32 (78%) 13 (24%) 20 (36%) 65 (44%)** 

Nonscience 09 (22%) 40 (74%)** 34 (61%)** 83 (56%)** 

%fajor Science 12 (30%) 07 (14%) O8 (24%) 27 ( 18%)** 

Nonscience 11 (27%) 13 (24%) 14 (25%) 38 (26%)** 
- 

1 Mean age, within group; group range in brackets 
* ~umber of subjects, within group; percentage, within group, provided in brackets 
3 Science as a favorite subjecc a total of 148 participants ùidicated a favorite subject 
4 A total of 65 subjects (i-e., 44% of the sampie of 148) declared a major; percentages in 

brackets (first t h e  columns) reflect percentages of majors within group, the final 
c o l m  percentages refer to the overall sample N of 148 

* Overall sarnple N equals 15 1 
** Adjusted overall sample N equals 148, due to 3 incomplete male protocols (1 from 

the University sample and 2 from the college sample); the percentage in brackets refers 
to the adjusted, overall sarnple N of 148; 




